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Soil chemical and physical properties are important to farm productivity, and they 
vary within fields, so farmers are interested in managing inputs like fertilizer according to 
local soil conditions within fields.  Thus, they must have knowledge of soil conditions of 
interest, which have historically been measured at a few locations with tedious soil 
sampling and laboratory analyses.  Advantageous to farmers would be a measurement 
method that provided more geographically detailed information at similar or lower cost.  
Remote and ground-based optical sensing are possibilities for gathering detailed soil 
information rapidly and inexpensively.  This study considers the possibility of optically 
measuring soil characteristics. 
The first objective was to determine relationships between spectral reflectance in 
the 250- to 2500-nm range and the following soil constituents: clay, sand, Ca, K, Mg, Na, 
P, Zn, and acidity (pH).  The second objective was to find wavebands for estimating 
certain soil properties, with the goal of sensor development.  Physical, chemical, and 
spectral-reflectance measurements were made on 969 soil samples collected from two 
Mississippi fields over two years.  Reflectances were averaged over 50-nm wavebands 
and analyzed with simple- and multiple-linear regression and canonical correlation in 
relation to soil properties.  No single waveband was highly correlated to any soil property 
in this study, but waveband groups exhibited strong correlations with some soil 
properties.  Clay was the only property consistently strongly correlated (R2 ≥ 0.50) to 
waveband groups over different fields and years.  In general, waveband groups that were 
most highly correlated with a specific soil property in one field in one year were not 
similar to waveband groups most highly correlated with that property in a different field 
or year.  Thus, it was difficult to select a waveband group for sensor development 
regarding a specific soil property.  However, a group of nine promising wavebands was 
considered for estimating clay, and results for data in this study indicated the feasibility 
of grossly estimating clay content with spectral reflectance.  Canonical correlation 
analysis demonstrated strong correlations among certain groups of soil-properties and 
wavebands.  Clay appeared as the most promising property for sensor development from 
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Soil properties vary, not only from place to place horizontally, but also vertically 
among the horizons. Soils have specific physical (texture) and chemical (fertility) 
characteristics. Soil texture is an important physical characteristic of soils affecting crop 
selection and agricultural productivity.  It determines infiltration rates, water retention 
rates, drainage capacity, aeration, root penetration, surface crusting, seedling 
germination, and suitability to cultivation. Soil texture is a term for the size distribution 
of particles in a soil sample. It describes the proportions of clay, sand, and silt. Clay 
particles are considered to be smaller than 0.002 mm in diameter, sand between 2.0 and 
0.05 mm, and silt between 0.05 and 0.002 mm.  Fertility is also a very important concern 
for farmers. Crops need appropriate quantities of several elements to grow and give high 
yields. Choosing the appropriate fertilizers and deciding when, where, and how much to 
apply can help a farmer to get the highest yield. Fertility levels in a field vary because of 
soil type and past management practices. If nutrient levels at the various locations can be 
accurately determined, and if accurate estimates of crop response to fertilizer can be 
made, the potential for profitable returns on a crop can be maximized. 
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Laboratory analyses of soils to determine texture and fertility require much time, 
work, and money, first in soil sample collection from agricultural fields, and then in the 
lab work itself. It would be greatly beneficial to farmers, engineers, and scientists if a 
new, more economical, approach could be discovered for obtaining the required data.  
Remote sensing has potential for obtaining data over an entire field in a timely and 
economical fashion. In remote sensing, images of objects on the earth are collected 
specific to certain portions of the electromagnetic spectrum. The images indicate the 
reflectances of objects at various locations on the ground i.e., how the objects reflect 
energy in a specific portion of the spectrum. For example, Figure 1 shows the 
reflectances of concrete, leaf, soil, and water measured with a Cary 500 UV/Vis/NIR 
Spectrophotometer in the Kimbrough Precision–Agriculture/Remote-Sensing 
Engineering Laboratory (PARSEL) at the Department of Agricultural and Biological 
Engineering at Mississippi State University. Thus, a remotely sensed image is a map of 
the reflectance of objects or locations on the ground. Making useful soil maps with rapid 
and inexpensive approaches like remote sensing is an interesting possibility for precision 
agriculture. 
It is thus important to consider what information a soil’s spectral reflectance 
conveys about its physical and chemical properties. In this study we expect that every soil 
property related to a particular characteristic of reflectance, and that we can differentiate 































Techniques such as remote sensing have been utilized to estimate soils’ physical 
conditions, such as soil crust, rate of infiltration, run-off, and soil erosion.  Ben-Dor et al. 
(2000) simulated a rainstorm and exposed subsets of clay soil from Israel to higher levels 
of cumulative energy. Reflectance in the Short-Wave Infrared (SWIR) spectral region, 
1200 to 2400 nm, was collected for those soil samples. The scientists concluded that 
estimation of crust level through spectral reflectance measurements could assist in 
monitoring soil degradation processes with hyperspectral remote-sensing techniques. 
Couillard et al. (1997) studied 96 turf-soil samples from East Lansing, MI. Some 
samples were selected by computer to test in the laboratory for chemical analysis. All 
samples were scanned at wavelengths from 400 to 2500 nm. The researchers used Near-
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Infrared Reflectance Spectroscopy (NIRS) to predict the soil’s physical and chemical 
properties to save time compared to standard laboratory tests.  They concluded that 
organic matter, sand, silt, clay, P, Mg and total N were more accurately predicted for the 
intact soil samples than for the dried ground samples. 
Ben-Dor and Banin (1995) studied NIRS as a rapid method to simultaneously 
evaluate several soil properties. Ninety-one soil samples were collected from Israel and 
analyzed chemically in the laboratory. Near-infrared reflectance was measured for these 
samples in the region of 1000 to 2500 nm. Because of the correlation between the 
absorption intensity at 1400, 1900, and 2200 nm and the clay, specific surface area 
(SSA), and hygroscopic moisture (HIGF), and the correlation between the absorption at 
2300 and carbonate content (CaCo3), Ben-Dor and Banin concluded that NIR is a 
promising method for rapid and nondestructive analysis of soil materials. 
Dematte and Garcia. (1999) collected 60 soil samples from three different areas in 
Parana State, Brazil. Forty-five of them were at a depth of 0 to 20cm, and the rest were at 
40 to 60 cm. The spectral analysis was conducted in the range of 400 to 2500 nm. 
Physical and chemical characteristics of the soil samples were measured. They found that 
removal of organic matter from soil samples resulted in higher reflectance intensity, and 
deeper soils showed higher reflectance intensity than the shallow soils. Also, clay, silt, 
kaolinite, crystalline Fe, and Mg could be estimated by using multivariate analysis. 
Zheng and Schreier (1987) used multi-emission density analysis, which uses an 
Optronics C-4500 color film scanner and Raster Technology image analysis system and 
spectral reflectance to facilitate the delineation of soil types and quantification of soil 
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variability. One hundred eight soil samples from three soil sets (light, dominant brown, 
and dark) were collected from Abbotsford, British Columbia. The researchers compared 
the soil chemistry data with the soil spectral data (500 to 1100 nm), multi-emission data, 
and quantitative aerial photo analysis, for the soil samples. They found that organic 
carbon, soil color value, and percent coarse fragment content were important in multiple 
regressions, and the reflectance region from 500 to 600 nm gave the highest correlation. 
They concluded that the use of remote sensing could facilitate determination of fertilizer 
requirements of soils. 
Viscarra-Rossel and McBratney (1998) conducted a series of laboratory 
evaluations of soil clay, water content, and organic matter (OM). The spectrum of 1300 
to 2500 nm was used for reflectance analysis on the soil samples, which were collected 
from New South Wales, Australia. This study showed that the reflectance of the soil 
samples decreased as water content and clay content in the samples increased. The 
researchers concluded that the clay and water content in the soil give significant 
responses in soil reflectance, but that organic matter does not. 
Stoner and Baumgardner (1981) studied the relationships between Vis and IR 
reflectance at 520 to 2380 nm, and soil properties of 240 surface soil samples from 17 
different temperature and moisture regimes in United States. They ended up with five 
spectral curve forms represented organic-dominated, minimally altered, iron-affected, 
organic-affected, andiron-dominated. 
Malley et al. (1999) studied the feasibility of using NIRS as a quick way to 
predict pH, electrical conductivity (EC), phosphorus (P), sulfur (S), calcium (Ca), 
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magnesium (Mg), sodium (Na), potassium (K), iron (Fe), and manganese (Mn). They 
collected 28 soil samples in Winnipeg, Canada. The samples were collected at different 
depths from 1 to 10 m. An NIR spectrophotometer was used to scan the soil samples at 
wavelengths from 400 to 2500 nm, and the concentration of the nutrient elements was 
measured in the laboratory.  The researchers found a strong linear relationship (r2 >0.80) 
between NIR-predicted values and the nutrient elements (Ca, Fe, K, Mg, Mn, Na, P, and 
S), and also between NIR-predicted values and pH (r2 >60). However, they found no 
relationship with EC. They concluded that the pH and nutrient elements could be 
measured rapidly by non-destructive NIRS. 
Palacios-Orueta and Ustin (1998) studied the effects of organic matter, iron 
content, and texture on the soil reflectance. The 83 soil samples for this study were 
collected from 3-cm depth at the Santa Monica Mountains Recreation Area, California.  
Physiochemical and spectral (from 400 to 2500 nm) data were measured for the samples. 
The scientists found that total iron and organic matter contents were the major factors that 
affected the shape of the spectral absorption curve.  They also found that soils with low 
sand content had low reflectance. 
Gerberman and Neher (1979) studied the relationship between sand levels within 
a clay soil and reflectance at 440, 540, 640, 720, and 860 nm. They mixed clay with 
different sand level percentages (10% - 90%) and measured the reflectances of the 
mixtures between 370 and 2500 nm.  They concluded that soil samples with low sand 
levels showed the lowest reflectance, and pure sand showed the highest reflectance, at all 
wavelengths. 
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Coleman et al. (1993) used data from the Landsat Thematic Mapper (TM) sensor 
to evaluate its effectiveness in differentiating among surface soils of similar 
characteristics and to identify band combinations to estimate the particle size fractions, 
organic matter, and iron oxide. They collected 72 soil samples from Madison County, 
AL, and determined the organic matter and iron oxide contents and soil particle 
distributions.  They compared these measurements with TM spectral radiance and found 
significant correlations between soil spectral radiance data from TM1 to TM7 and sand, 
silt, clay, OM, and iron oxide. Coleman et al. concluded that this technique was not as 
effective as the Barnes Modular Multiband Radiometer (MMR) at predicting soil 
properties such as organic matter, iron oxide, and clay contents.   
Thomasson et al. (2000) studied 724-soil samples from two fields in Mississippi 
to discover relationships between soil properties and reflectance data between 250 and 
2500 nm.  Their results indicated that Ca and Mg on one field, and clay on the other, 
exhibited the highest correlations with reflectance spectra.  They concluded that fairly 
strong correlations between soil properties and reflectance spectra could be found, but 
that the relationships were not consistent between two fields located close to one another.   
Thus, several studies have shown relationships between soil reflectance spectra 
and soil physical and chemical properties. It is desirable to find a meaningful soil 
property measurement that could be made at various locations in a field, and to develop a 
sensor that could make such a measurement rapidly. The literature motivate research 





1. To discover relationships between soil properties and soil reflectance on samples 
from two agricultural fields in the Delta area of Mississippi. 
2. To suggest certain wavelengths that may be more effective than others in 























Data were collected for this project in 2000 and 2001 at the Precision-Agriculture/ 
Remote Sensing Engineering Laboratory (PARSEL) in Mississippi State University’s 
Department of Agricultural and Biological Engineering. The location of the study site 
was in the northern Delta region of Mississippi near Vance. The area of the site involves 
two fields, field 1 and field 3, of approximately 111 and 162 hectares, respectively. Data 
from the Natural Resource Conservation Service (NRCS) of the USDA indicate several 
soil types in the study area (see Table 1).  
 









Souva silt loam, nearly level 
phase 
Souva: Not given Not given 
Dowling clay and silty clay  Dowling: Not given Not given 
Dundee fine sandy loam, nearly 
level phase 
Dundee: Fine – silty, mixed, 
thermic 
Aeric Ochraqualfs 
Dubbs fine sandy loam, nearly 
level phase 














Alligator clay, depressional Alligator: Fine – 
montmorillonitic, acid, thermic 
Vertic Hapludalfs 
Dundee silt loam, 0 to 2% 
slopes 
Dundee: Fine – silty, mixed, 
thermic 
Aeric Ochraqualfs 
Dundee and Tensas silt loams, 0 
to 3% slopes 
Dundee: Fine – silty, mixed, 
thermic 





Dubbs very fine sandy loam, 0 
to 2% slopes 
Dubbs: Fine – silty, mixed, 
thermic 
Typic Hapludalfs 
Forestdale silty clay loam,  
0 to 3% slopes 
Forestdale: Fine – mixed, thermic Typic Ocharaqualfs 
 
 
Soil Sample Collection 
Nine hundred sixty-nine soil samples were selected to represent the 273-hectare 
study site in July 1999 and May 2000 (538 samples from field 1 in 1999 and 2000, and 
431 samples from field 3 in 1999). In field 1, 274 soil samples were collected in July 
1999 and 264 in May 2000; each sample represented almost 4050 m2 (1 acre).  A 
Differential Global Positioning System (DGPS) receiver was used to establish the 
location of each soil sample. The land was bare when soil core samples were collected 
with a probe.  At each point, approximately 600 grams of soil were extracted with a 2.5-
cm diameter probe and placed in a numbered plastic bag. The depth of the soil samples 
was 15 to 20 cm. About five subsamples were taken within 3 m surrounding each 
location. Subsamples were mixed together to give one representative soil sample per 
location. 
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To prepare the soil samples for analysis, they were placed in open air at ambient 
conditions, with approximate average temperature from 25 to 30o C to dry them. Then the 




The concentrations of six soil-borne elements, calcium (Ca), potassium (K), 
magnesium (Mg), sodium (Na), phosphorus (P), and zinc (Zn), as well as pH, were 
measured for each sample.  To prepare the soil samples for chemical analysis, 5 g of soil 
were placed in a small plastic bottle. The soil was then mixed in the bottle with 5 ml of 
solution A, which is 50 ml of 1-N HCl mixed with 1000 ml of distilled water.  After 10 
minutes, 20 ml of solution B were added.  Solution B is 1000 ml of very well mixed 
components including 90 ml Glacial Acetic Acid, 6.5 g Malonic Acid (CH2 (CO2H)2), 
12.5 g Malic Acid (CH2CHOH (CO2H2)2), 1.38 g Ammonium Fluoride (NH4F), 750 ml 
Distilled water, and 3 g Aluminum Chloride Hexahydrate (AlCl3 • 6H2O) adjusted pH to 
4.0 with 1:1 Ammonium Hydroxide.  After mixing the soil with solutions A and B for 10 
minutes, the mixture was filtered to obtain a liquid extract for each soil sample.  
Inductively Coupled Plasma Atomic Emission Spectroscopy (ICP-AES) was used to 
measure concentrations of the elements.  
The pH measurement was determined by first taking 10 g from the ground, dried, 
and sieved soil, and mixing very well with 20 ml of deionized (DI) water in a small 
container (4-cm diameter and 5-cm depth). After allowing the mixture to settle for about 
10 minutes, a pH probe was placed into the mixture in the container. The pH instrument, 
which is the combination of a pH meter and probe, was calibrated with Buffer 7 and 
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Buffer 4. These two pH standard buffers are very close to the pH range of most soil 
samples. The final pH reading was recorded when fluctuation of the instrument’s digital 





 The physical properties and chemical composition of a soil largely determine its 
suitability for a particular use and the management requirements to keep it most 
productive. Soil texture is a function of the proportions of sand, silt, and clay. Several 
texture classes exist to describe the possible ranges in the amounts of sand, silt, and clay 
that soils may contain. 
The range of sizes for each soil constituent is established (see Table 2) according 
to United States Department of Agriculture (USDA) and International Society of Soil 
Science (ISSS). 
 





Particle Diameter (mm) USDA 
 




2.0 - 0.05 
 




0.05 - 0.002 
 




Less than 0.002 
 
Less than 0.002 
 
Physical properties of the soil samples were measured with the hydrometer 
method, which depends on the increase in density of pure water as solids are suspended 
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in it. To prepare each soil sample for texture analyses, 40 grams of soil were dried, 
ground, sieved (through a #2 sieve), and mixed in a stainless steel beaker with 50 ml of 
Calgon solution (sodium hexametaphosphate, HMP). After allowing the mixture to soak 
for 10 minutes, it was mixed in a mixer for about 5 minutes. Then the mixture was moved 
to a sedimentation cylinder, with care taken not to leave any soil in the mixer. Next, the 
suspension was transferred from mixer cup to sedimentation cylinder with DI water, 
making sure that all soil was moved to the sedimentation cylinder and then diluted to one 
liter. After that, the sedimentation cylinder with the suspension was placed in the water 
bath and left for almost 8 hours before taking any hydrometer readings, at which time the 
temperature in sedimentation cylinder and in the water bath were equal. The suspension 
in the sedimentation cylinder was then stirred with a rubber plunge rod; then the 
hydrometer readings (R) were taken. The reading time (t) was started when the stirring 
had stopped. The readings (R) and temperature were recorded at time (t) 30 s, 60 s, 1.5 h, 
and 24 h for each soil sample. After the hydrometer method was used to measure the 
texture on 10 soil samples, one of the 10 was subjected to sieve analysis to measure the 
weight of sand it contains. This operation is a check on the hydrometer method. The 
sediment and suspension from the sedimentation cylinder were poured through a 270-
mesh (53-µm) sieve. Then, all silt and clay were washed away with a gentle stream of 
water. The sand (that fraction remaining on the sieve) was then transferred into a 
container (glass or aluminum) and then placed into a 110oC (230oF) oven to dry.  The 
mass of the sand was then measured on a balance. 
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Particle Size Calculations 
All particle size calculations are based on the methods given by Gee and Bauder, 
in Klute (1986). 
 
Clay 
To calculate the percentage of clay with the hydrometer method, these steps were 
followed: 
After taking the hydrometer reading (R) at 1.5 h and 24 h for each soil sample, the 
effective hydrometer depth (h`) was measured. 
  h`= - 0.164 R + 16.3                                                                               (1) 
Then the sedimentation parameter (θ) was calculated with the following equation: 
  θ = 1000 (Bh`)1/2                                                                                      (2) 
 Where B = 30 η / [G  (ρs − ρl)]   
η ; fluid viscosity in poise (g cm-1 s-1) 
 η = ηo (1 + 4.25 Cs) 
 ηo ; water viscosity in poise ( g cm-1 s-1) 
 Cs ; the concentration of the HMP solution (g/cm3) 
G ; gravitational constant (980 cm/s2) 
ρs ; soil particle density (assumed as 2.65 g/cm3) 
ρl ; solution density  (g/cm3) 
  ρl =  ρο (1 + 0.63 Cs)  
    ρo ; water density (g/cm3) 
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The mean particle diameter in the suspension (X) was determined from the following: 
  X = θ t-1/2                                                                                                              (3) 
    t; the hydrometer reading time (hours). 
Finally, the summation percentage (P) was determined from the following equation: 
  P = (R - RL) / 40                                                                                        (4) 
where RL is the hydrometer reading in the blank solution, which is 50 ml of HMP in 
950ml water with no soil. 
The value of the clay percentage is as follows: 
Pclay = m ln (2 / X24) + P24                                                                                                  (5) 
m = (P1.5 - P24) / 1n (X1.5 / X24)  ; slope of summation percentage curve between X at 1.5 
hr and X at 24hr. 
X1.5, X24 ;  mean particle diameter in suspension at 1.5hr and 24hr respectively  




After recording the hydrometer reading (R) and the blank reading (RL) at the 
times 30 s and 60 s for every soil sample, the following equation was used to get the sand 
percentage; 
Psand = m ln ( 2 / X60 ) + P60 
m = ( P30 – P60 ) / 1n P( X30 / X60 ) ; slope of summation percentage curve between X at 
30 sec, 60 sec 
X30, X60; mean particle diameter in suspension at 30 sec, 60 sec 






The silt percentage is calculated with the following equation: 
Psilt = 100 – (% sand + % clay)                                                                                          (6) 
 
Dry Weight Sand 
 
The following process was used for one of every 10 samples, to verify the values 
from the hydrometer method. 
Sand Dwt = (oven-dry weight) / 40                                                                                  (7) 
Sand dry weight values were plotted against values measured with the hydrometer on 
corresponding samples. The parameters of the linear relationship were used to correct all 
sand values measured with the hydrometer.  This adjustment helped eliminate negative 




 In the spectral analysis, a plastic container (25-mm diameter by 15-mm tall) was 
used to hold about 6.6 grams of soil from each sample (see Figure 2). The container has a 
1-mm-thick sapphire-glass window on one face and a removable cap on the other face. 
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samples is given in Figure 5. The data appear noisy in the vicinity of 800 nm, because the 




Figure 3. Cary 500 UV/Vis/NIR Spectrophotometer 
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Figure 4. Soil Hold
 
                                     













































In this study data were examined with the following techniques: 
1. Simple-Linear Regression; 
2. Multiple-Linear Regression; and 
3. Canonical Correlation.  
 These techniques were used to investigate the relationships between soil 
characteristics and their spectral responses. In these analyses, soils’ characteristics were 
considered dependent variables and wavebands as independent variables. Simple-linear 
regression was used to analyze the correlation between only two variables and 
disregarded any other variables that were varying simultaneously (Little and Hills, 1978). 
Multiple-linear regression also was used to predict values of a single soil property from 
soil reflectance values at multiple wavebands. The best model in multiple-linear 
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regression analysis was chosen with the Mallows’ C(p), which is used in regression 
models as the criterion for choosing the best subset of predictor effects when a best 
subset regression analysis is being performed. The lowest value of C(p) indicates the best 
model. Canonical correlation is a technique for analyzing the relationship between two 
sets of variables, in this case, soil spectral reflectance versus physical and chemical soil 
properties.  Both sets contain several variables: soil reflectance includes 50–nm 
wavebands from 250 and 2500 nm, and physical and chemical properties include clay, 
sand, and silt, and pH, Ca, Mg, Na, K, P, and Zn.  Silt was disregarded because it is 
calculated from measurements of clay and sand, and is thus not independent. Canonical 
components is a variation on the concept of multiple regression and correlation, and it 
examines the relationships between a linear combination of one set of variables and a 
linear combination of another set of variables. 
CHAPTER III 
 
RESULTS AND DISCUSSION 
 
 
Simple- and Multiple-Linear Regression Analyses 
  
Results from the simple-linear regression analysis indicated a weak, but 
statistically significant, relationship between each soil property and a single 50-nm 
waveband. The highest values of R2 were associated with Mg in all datasets except Field 
3, 1999. The lowest values of R2 were associated with K in all datasets except Field 1, 
2000. Sand, Ca, and P had a relationship with similar wavebands regardless of dataset:  
1125nm, 1925nm, and 775nm, respectively. Table 3 shows the results of simple-linear 
regression in terms of selected wavebands and R2 values.  






  Field 1, 1999 
 
R2   wavelength 
 
  Field 3, 1999 
 
R2   wavelength  
 
  Field 1, 2000 
 
R2   wavelength 
  
Field 1, 1999 
and 2000 
R2   wavelength 
 
     All 
 
R2  wavelength 
Clay 0.07   1925nm 0.02   1925nm 0.35   1275nm 0.05     425nm 0.03     425nm 
Sand 0.02   1075nm 0.04   1125nm 0.38   1125nm 0.07   1075nm 0.07   1275nm 
Ca 0.17   1925nm 0.03   1925nm 0.08   1275nm 0.16   1925nm 0.05   1925nm 
K 0.01    825nm 0.01     275nm 0.1     1375nm 0.01     375nm 0.01   1375nm 
Mg 0.23   1925nm 0.02     625nm 0.24    725nm 0.38    775nm 0.15     775nm 
Na 0.04     275nm 0.05     725nm 0.11     925nm 0.18   1875nm 0.06     675nm 
P 0.06     775nm 0.03     725nm 0.07   2375nm 0.09     775nm 0.04     725nm 
Zn 0.02   2425nm 0.03     725nm 0.03     325nm 0.04     775nm 0.03     725nm 





Multiple-linear regression analyses for Field 1, 1999, revealed five soil properties 
that had fairly strong relationships with groups of wavebands, such that the R2 values 
were close to 0.50 or greater: Mg (R2 = 0.73), Ca (R2 =0.72), pH (R2 = 0.50), clay (R2 = 
0.49), and P (R2 = 0.49). Table 4 shows the results of multiple-linear regression for Field 
1, 1999, in terms of selected wavebands, R2 values, and C(p) values associated with the 
selected model. 
 










# in Model 
 
         Wavelengths (nm) of the Best Model 
Clay 0.49 3.7 19 375, 475, 625, 675, 725, 1025, 1125, 1225, 1275, 
1475, 1525, 1675, 1875, 2075, 2175, 2275, 2375, 
2425, 2475 
Sand 0.29 9.8 17 275, 325, 425, 475, 575, 675, 725, 1025, 1075, 
1225, 1275, 1475, 1575, 1825, 2375, 2425, 2475 
Ca 0.72 4.2 13 275, 425, 525, 575, 725, 1325, 1375, 1425, 1575, 
1925, 2225, 2275, 2325 
K 0.40 1.8 19 275, 325, 375, 425, 525, 575, 625, 675, 825, 1075, 
1175, 1225, 1325, 1475, 1625, 1975, 2025, 2225, 
2275  
Mg 0.73 0.2 16 425, 475, 725, 775, 1025, 1125, 1225, 1275, 1375, 
1425, 1675, 1775, 2225, 2275, 2325, 2475 
Na 0.38 0.1 15 375, 425, 475, 525, 575, 675, 725, 825, 1325, 1425, 
1525, 1875, 1925, 2225, 2325 
P 0.49 -0.2 19 275, 325, 475, 525, 575, 625, 725, 1075, 1225, 
1425, 1475, 1875, 1925, 1975, 2025, 2075, 2325, 
2375, 2475 
Zn 0.31 -1.6 15 275, 325, 425, 775, 825, 875, 1025, 1175, 1275, 
1425, 1475, 1875, 1925, 2225, 2375 
pH 0.50 0.4 15 275, 375, 425, 475, 525, 575, 675, 725, 1075, 1175, 




In Field 3, 1999, the results of the multiple-linear regression analysis indicated 
two soil properties that had strong relationships with groups of wavebands: clay (R2 = 
0.59) and pH (R2 = 0.50). Table 5 shows the results of multiple-linear regression for Field 
3, 1999. 
 









# in Model  
 
           Wavelengths (nm) of the Best Model 
Clay 0.59 12.7 18 275, 525, 575, 675, 725, 975, 1075, 1175, 
1275, 1325, 1425, 1525, 1575, 1675, 1825, 
2175, 2275, 2325 
Sand 0.34 -7.8 10 275, 425, 475, 575, 625, 1375, 1425, 1475, 
2425, 2475 
Ca 0.24 4 14 275, 325, 425, 675, 725, 775, 825, 1325, 
1425, 1625, 2125, 2225, 2375, 2475 
K 0.13 -5.2 12 475, 525, 625, 675, 725, 1125, 1325, 1725, 
1825, 1975, 2425, 2475 
Mg 0.14 1.2 12 425, 475, 525, 1325, 1375, 1475, 1525, 1575, 
2125, 2175, 2275, 2325 
Na 0.27 10 19 275, 375, 475, 575, 625, 675, 725, 1025, 
1075, 1175, 1375, 1425, 1475, 1525, 1675, 
1825, 1975, 2175, 2275 
P 0.22 -3.6 13 375, 425, 525, 675, 725, 825, 1025, 1125, 
1275, 1425, 1525, 1575, 2175 
Zn 0.17 -8.4 9 575, 725, 925, 975, 1525, 1575, 2025, 2125, 
2325 
pH 0.50 6.4 18 275, 325, 375, 425, 475, 525, 575, 625, 675, 




In the multiple-linear regression analysis results for Field 1, 2000, it was evident 
that five soil properties had strong relationships with groups of wavebands: clay (R2 = 
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0.79), Mg (R2 = 0.66), pH (R2 = 0.54), sand (R2 = 0.53), and Ca (R2 = 0.49). Table 6 
shows the results of multiple-linear regression for Field 1, 2000. 
 










# in Model  
 
     Wavelengths (nm) of the Best Model 
Clay 0.79 8.5 19 275, 325, 475, 525, 575, 725, 825, 875, 
975, 1075, 1225, 1325, 1475, 1725, 1975, 
2025, 2275, 3225, 2425 
Sand 0.53 2.8 15 375, 525, 575, 775, 825, 1125, 1225, 
1775, 1875, 2125, 2225, 2275, 2325, 
2375, 2425 
Ca 0.49 -1.2 12 275, 325, 475, 575, 625, 775, 825, 1075, 
1175, 1875, 1925, 2125 
K 0.39 4.3 16 275, 375, 425, 525, 575, 725, 825, 925, 
975, 1075, 1175, 1225, 1825, 1875, 1925, 
2125 
Mg 0.66 4 14 275, 325, 375, 525, 725, 1075, 1225, 
1275, 1475, 1525, 1775, 1925, 2275, 2325 
Na 0.31 0.9 12 475, 525, 675, 775, 825, 925, 1675, 1725, 
1875, 2225, 2375, 2425 
P 0.43 2.90 15 275, 375, 425, 475, 525, 575, 675, 725, 
1075, 1275, 1375, 1775, 1925, 1975, 2225 
Zn 0.17 -4 11 275, 325, 475, 675, 1175, 1425, 1675, 
1775, 1925, 2075, 2175 
pH 0.54 8 19 275, 325, 375, 425, 475, 525, 575, 675, 
725, 775, 875, 1025, 1275, 1425, 1725, 
1775, 2075, 2175, 2425 
 
 
 Taking together data from Field 1 in both 1999 and 2000, results of the multiple-
linear regression analysis indicated three soil properties that had strong relationships with 
groups of wavebands: Mg (R2 = 0.66), Ca (R2 = 0.55), and clay (R2 = 0.53). Table 7 
shows the results of multiple-linear regression for Field 1 data from both 1999 and 2000. 
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# in Model 
 
     Wavelengths (nm) of the Best Model 
Clay 0.53 11.9 17 375, 525, 575, 675, 725, 775, 975, 1075, 
1375, 1325, 1475, 1575, 1975, 2275, 
2325, 2375, 2475 
Sand 0.29 10 19 275, 325, 425, 475, 575, 675, 1025, 
1075, 1225, 1275, 1425, 1475, 1575, 
1925, 2275, 2325, 2375, 2425, 2475 
Ca 0.55 9.4 18 325, 425, 525, 625, 825, 1325, 1375, 
1425, 1575, 1675, 1875, 1925, 1975, 
2075, 2125, 2175, 2375, 2425 
K 0.32 11 18 275, 325, 375, 425, 525, 575,625, 675, 
925, 975, 1225, 1375, 1425, 1625, 1925, 
2025, 2075, 2125nm 
Mg 0.65 40.15 20 375, 425, 575, 675, 725, 775, 825, 1075, 
1125, 1275, 1425, 1525, 1575, 1775, 
1825, 1975, 2125, 2225, 2275, 2475 
Na 0.42 15.3 20 475, 525, 575, 625, 775, 1075, 1125, 
1175, 1325, 1425, 1575, 1775, 1825, 
1875, 1975, 2075, 2325, 2375, 2425, 
2475 
P 0.44 3.9 19 275, 325, 475, 525, 575, 625, 725, 1075, 
1225, 1425, 1525, 1775, 1925, 2025, 
2075, 2225, 2325, 2375, 2425 
Zn 0.23 -1.6 15 275, 325, 425, 775, 875, 1025, 1225, 
1275, 1425, 1475, 1825, 1925, 1975, 
2325, 2375 
pH 0.46 13.3 20 325, 375, 425, 475, 525, 575, 675, 725, 
775, 875, 1125, 1325, 1425, 1475, 1725, 
1775, 1925, 1975, 2225, 2325 
 
 
 Upon combining all three data sets (Field 1, 1999; Field 1, 2000; and Field 3, 
1999), the results of the multiple-linear regression analysis indicated only one soil 
property that had a strong relationship with groups of wavebands: clay  (R2 = 0.59). Table 
8 shows the results of multiple-linear regression for all three data sets taken together. 
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# in Model 
 
   Wavelengths (nm) of the Best Model 
Clay 0.52 14.41 20 275, 325, 375, 525, 575, 675, 725, 775, 
825, 1175, 1275, 1325, 1375, 1425, 
1525, 1575, 1975, 2275, 2325, 2475 
Sand 0.31 2 15 275, 325, 425, 475, 575, 675, 725, 1075, 
1375, 1425, 2275, 2325, 2375, 2425, 
2475 
Ca 0.32 15.63 20 275, 325, 425, 475, 525, 725, 775, 825, 
925, 1125, 1225, 1425, 1475, 1575, 
1925, 2025, 2075, 2225, 2375, 2425 
K 0.21 5.4 17 275, 325, 375, 425, 475, 575, 625, 925, 
975, 1125, 1225, 1275, 1575, 1975, 
2025, 2375, 2425 
Mg 0.37 19.5 20 375, 475, 625, 675, 725, 775, 825, 1025, 
1075, 1125, 1275, 1425, 1475, 1675, 
1725, 1775, 1825, 1875, 2225, 2275 
Na 0.21 23.9 20 275, 375, 525, 575, 625, 675, 725, 825, 
975, 1075, 1325, 1425, 1475, 1675, 
1775, 1825, 1975, 2025, 2175, 2225 
P 0.22 4.9 17 275, 325, 475, 575, 675, 725, 775, 925, 
1025, 1225, 1375, 1425, 1525, 1575, 
1925, 1975, 2175 
Zn 0.17 0.90 17 275, 325, 425, 775, 875, 925, 1025, 
1225, 1275, 1425, 1525, 1575, 1825, 
1925, 2025, 2125, 2375 
pH 0.42 12.60 20 325, 375, 425, 475, 525, 575, 625, 725, 
1025, 1075, 1175, 1275, 1425, 1475, 
1825, 1925, 2075, 2225, 2325, 2425 
 
 
Considering multiple-linear regression analysis results as a whole, it was found 
that clay had R2 values near to or greater than 0.50 in all data sets, taken individually or 
together. Thus, clay was considered in more detail. In all of these relationships between 
clay and groups of wavebands, the spectra in the best correlation models were not similar 
among fields. It was desirable to find a group of wavebands that could give consistently 
 28 
high R2 values. Thus Field 1, 1999, was divided into four quarters and each quarter 
contained about 68 soil samples. After conducting multiple-linear regression analysis for 
these quarters, it was noted that the best model was for the relationship between clay and 
nine wavebands (275, 375, 425, 475, 1275, 1425, 1525, 2175, and 2225 nm). This model 
represented the first quarter of the field. It is evident in Figure’s 6 (A through E) that 
quarter 1 contained a higher number of samples with high clay contents. This broader 
range of data allowed linear regression to perform better for this portion of the data. Most 
of the data in the other field quarters were bunched around lower clay content values.  
 


























Figure 6(A). Predicted Clay Values in Quarter 1, Field 1, 1999, With Nine Selected   
Wavebands 
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Predicted clay value in Field 1, 1999




























Figure 6(E). Predicted Clay Value in All Four Quarters Field 1, 1999 
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The nine wavebands were then tested in every quarter of each dataset. Table 9 
shows these results. It is apparent that the model’s performance varies from location to 
location in these datasets. 
 
Table 9. Quarter-Field Results of the Relationship Between Clay and the Nine 





 # S       R2 
2nd Quarter 
 # S      R2 
3rd Quarter 
# S        R2 
4th Quarter 
 # S       R2 
 
Field 1, 1999 
 
  68       0.79 
 
  69       0.40 
 
  68       0.30 
 
  69       0.32 
 
Field 1, 2000 
 
  66       0.75 
 
  66       0.75 
 
  66       0.65 
 
  66       0.68 
 
Field 3, 1999 
 
108       0.57 
 
108       0.39 
 
108       0.46 
  
 107      0.59 
 
These nine wavebands were also tested over the whole-field datasets, combined 
datasets of field 1 (1999 and 2000), and in all three datasets taken together. Table 10 
shows the R2 values for these tests. Once again, performance varied from one dataset to 
another, and was consistently poorer than it was with the data in Field 1, 1999, first 
quarter. This result was to be expected, but it was desirable to see how well one model 
with a relatively small number of regressors would perform on broader datasets.  
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Table 10. Entire-Datasets Results of the Relationship Between Clay and the Nine 
Wavebands Chosen from the First Quarter in Field 1, 1999 
 
 
In summary, the only soil property was that consistently correlated with 
reflectance in all datasets was clay. Soil pH exhibited a relationship with reflectance 
except when datasets were taken together. Soil–reflectance relationships differed between 
Fields 1 and 3. In Field 1 in both 1999 and 2000, some chemical properties (Mg and Ca) 
exhibited a strong relationship (R2 > 0.70) with spectral reflectance, but this was not true 
in Field 3, 1999. There was no strong correlation between single soil properties and 
single 50-nm wavebands. The relationship between clay and nine wavebands selected as 
the best model for one portion of one dataset (275, 375, 425, 475, 1275, 1425, 1525, 
2175, and 2225 nm) exhibited practically significant correlation in most quarters of all 
datasets and datasets taken separately or together. 
Based on these results, a sensor with these nine 50-nm wavebands could 
conceivably be built to provide estimates of the clay percentages in the soil in these two 
 
Datasets 
          
# of Samples               R2 
 
Field 1, 1999 
 
       274                    0.34 
 
Field 1, 2000 
 
       264                    0.64 
 
Field 3, 1999 
 
       431                    0.44 
 
Field 1, 1999 and 2000 
 




       969                    0.42 
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fields. Figure 7 is a plot of actual versus predicted clay percentages in all the data. The 
plot also includes the linear regression line between actual and predicted values, and the 
95% prediction interval for this nine-waveband model. As an example, it appears that if a 
sample with a clay percentage of 30% were collected from these fields, a sensor based on 
this nine-waveband model could be expected to estimate the clay content between 20 and 
45%, 95% of the time. This result is not excellent, but the example gives an indication 








 Table 11 shows the results of multiple-linear regression analysis and displays the 
selected wavebands, R2, and C(p), between all the soil properties and spectral reflectance 
in all datasets. 
Table 11. Multiple-Linear Regression Analysis Results Showing the Value of R2, C(p), 






    Field l, 1999 
 
M#    R2     C(p) 
  Field 3, 1999 
 
M#    R2   C(p) 
 Field 1, 2000 
 
M#    R2   C(p) 
Field 1,1999 and   
2000 
M#    R2       C(p) 
     All 
 




19   0.49      3.7 
 
18    0.59  12.7 
 
19     0.79   8.5 
 
17     0.53   11.9 
 




17    0.29     9.8 
 
10    0.34  -7.8 
 
15      0.52  2.8 
 
19     0.29      10 
 




13    0.72      4.2 
 
14    0.24       4 
 
12    0.49  -1.2 
 
18     0.55     9.4 
 




19    0.40     1.8 
 
12    0.13  -5.2 
 
16     0.39   4.3 
 
18     0.32      11 
 




16    0.73     0.2 
 
12   0.14     1.2 
 
14     0.66      4 
 
20     0.65   40.1 
 




15    0.38      0.1 
 
19    0.27     10 
 
12     0.31   0.9 
 
20     0.42   15.3 
 




19    0.49     -0.2 
 
13    0.22  -3.6 
 
15    0.43    2.9 
 
19      0.44    3.9 
 




15    0.31     -1.6 
 
9     0.17   -8.4 
 
11    0.17     -4 
 
15      0.23   -1.6 
 




15    0.50      0.4 
 
18    0.50    6.4 
 
19   0.54     8.8 
 
20     0.46   13.3 
 
20      0.42   12.6 
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Canonical Correlation Analysis 
The canonical correlation analysis for Field 1, 2000, indicated seven statistically 
significant canonical correlations (prob > F = 0.05). Four canonical correlations 
explained 83% of the relationships between soil properties and soil reflectance. These 
four correlations were selected for consideration instead of all seven, because in these 
first four correlations, the differences in percentage of explanation among canonical 
correlations were large, and this difference was decreasing with each subsequent 
canonical correlation. When the differences became small (equal to or less than roughly 
10%), no further correlations were considered. For example, in the canonical correlation 
results in Table 12, the difference in magnitude between the first and second canonical 
correlations was 16.12%, but the difference between the fourth and fifth canonical 
correlations was 6.11%.  Therefore, only the first four canonical correlations were 











Table 12. Canonical Correlation Result for Field 1, 2000 
                                The CANCORR Procedure     
                           Canonical Correlation Analysis     
  Canonical Approximate    Cumulative  explained 
  Correlation F Value Num DF Pr > F overall relationships 
1 0.9187 4.54 405 <.0001 0.4693   
2 0.806362 3.34 352 <.0001 0.6305   
3 0.753286 2.81 301 <.0001 0.7443   
4 0.715545 2.37 252 <.0001 0.8353   
5 0.643007 1.94 205 <.0001 0.8964   
6 0.541631 1.59 160 <.0001 0.9324   
7 0.511069 1.43 117 0.004 0.9631   
8 0.439832 1.21 76 0.1221 0.9839   
9 0.395784 1.09 37 0.3369 1   
 
From table 12, the first canonical correlation in Field 1, 2000, was 92%, and it 
explained 47% of the relationship between soil properties and soil reflectance. In the 
associated canonical variables, Mg and clay versus wavelengths from 375 to 1775 nm, 
not including 825 and 875 nm, were involved in explaining the relationship between soil 
properties and soil reflectance. The second canonical correlation was 81%, and it 
explained 16% of the relationship between soil properties and soil reflectance. In the 
associated canonical variables, K versus wavelengths from 2025 to 2425 nm were 
included. The third canonical correlation was 75%, and it explained 11% of the 
relationship between soil properties and soil reflectance. In the associated canonical 
variables, P versus the wavelengths, 1925, 1975 and from 2325 to 2475 nm, were 
included. The last canonical correlation considered was 72%, and it explained 6% of the 
relationship between soil properties and soil reflectance. In the associated canonical 
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variables, pH versus wavelengths from 275 to 375, 1425 to 1525, 1875 to 2025, and 2325 
to 2475 nm were included. 
 
Table 13. Canonical Correlation Result for Field 1, 1999 
                                The CANCORR Procedure     





F Value Num DF Pr > F 
Cumulative explained 
overall relationships 
1 0.906359 4.05 405 <.0001 0.4719   
2 0.797404 2.93 352 <.0001 0.6509   
3 0.751303 2.37 301 <.0001 0.7838   
4 0.572042 1.86 252 <.0001 0.8337   
5 0.553888 1.77 205 <.0001 0.8791   
6 0.528308 1.65 160 <.0001 0.9188   
7 0.486373 1.53 117 0.0007 0.9505   
8 0.465459 1.44 76 0.0139 0.9789   
9 0.413053 1.27 37 0.1513 1   
 
From table 13, the canonical correlation analysis for Field 1, 1999, indicated eight 
statistically significant canonical correlations. Three canonical correlations explained 
78% of the relationship between soil properties and reflectance. The first canonical 
correlation was 91%, and it explained 47% of the relationship between soil properties and 
reflectance. In the associated canonical variables, Mg, Ca, and clay versus wavelengths 
from 1875 to 2425 nm were included. The second canonical correlation was 80%, and it 
explained 18% of the relationship between soil properties and reflectance. In the 
associated canonical variables, K and pH versus wavelengths from 275 to 575, and 825 
and 875 nm were included. The third canonical correlation was 75%, and it explained 
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13% of the relationship between soil properties and soil reflectance. In the associated 
canonical variables, K, Na, P, and Zn versus wavelengths from 575 to 775 and 2375 to 
2475 nm were included. Appendix B shows the entire SAS printout of canonical 
correlation analyses for Field 1, 1999. 
 
Table 14. Canonical Correlation Result for Field 3, 1999 
                                The CANCORR Procedure     
                           Canonical Correlation Analysis     
  Canonical Approximate   Cumulative explained 
  Correlation F Value Num DF     Pr > F       overall relationships 
1 0.802449 3.75 405 <.0001 0.3873   
2 0.722507 2.84 352 <.0001 0.6212   
3 0.569806 2.16 301 <.0001 0.7241   
4 0.546776 1.89 252 <.0001 0.8155   
5 0.505929 1.58 205 <.0001 0.8892   
6 0.382495 1.23 160 0.0306 0.9259   
7 0.355029 1.13 117 0.1697 0.9567   
8 0.320155 1.02 76 0.4358 0.9812   
9 0.284069 0.91 37 0.6178 1   
 
From table 14, the canonical correlation analysis for Field 3, 1999, indicated six 
statistically significant canonical correlations. Four canonical correlations explained 82% 
of the relationship between soil properties and reflectance. The first canonical correlation 
was 80%, and it explained 39% of the relationship between soil properties and 
reflectance. In the associated canonical variables, clay, sand, and Ca versus wavelengths 
from 375 to 575, 1125 to 1275, 1925, 1975, 2425, and 2475 nm were included. The 
second canonical correlation was 72%, and it explained 23% of the relationship between 
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soil properties and reflectance. In the associated canonical variables, pH versus 
wavelengths from 675 to 775, and 2175 to 2475 nm were included. The third canonical 
correlation was 57%, and it explained 10% of the relationship between soil properties and 
reflectance. In the associated canonical variables, Na versus wavelengths from 325 to 
775, and 2475 nm were included. The fourth canonical correlation was 55%, and it 
explained 9% of the relationship between soil properties and reflectance. In the 
associated canonical variables, sand versus wavelengths from 375 to 775, and 975 to 
2025 nm were included.  
Table 15. Canonical Correlation Result for Field 1, 1999, and Field 1, 2000 
                                The CANCORR Procedure     
                           Canonical Correlation Analysis     
  Canonical Approximate    Cumulative explained 
  Correlation F Value Num DF Pr > F Overall relationships 
1 0.85622 7.04 450 <.0001 0.3417   
2 0.828616 5.6 396 <.0001 0.6142   
3 0.669471 4.19 344 <.0001 0.7152   
4 0.647275 3.67 294 <.0001 0.8049   
5 0.550607 3.07 246 <.0001 0.8591   
6 0.506631 2.75 200 <.0001 0.902   
7 0.441977 2.46 156 <.0001 0.9322   
8 0.431981 2.34 114 <.0001 0.9607   
9 0.344523 1.84 36 0.0026 1   
 
 
The canonical correlation analysis for combined Field 1 data from 1999 and 2000 
indicated several statistically significant canonical correlations. Three canonical 
correlations explained 72% of the relationship between soil properties and reflectance. 
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The first canonical correlation was 86%, and it explained 34% of this relationship. In the 
associated canonical variables, Mg and clay versus wavelengths from 375 to 1875, not 
including 825 nm were included. The second canonical correlation was 83% and 
explained 27% of the relationship. In the associated canonical variables, clay, Ca, and Na 
versus wavelengths from 1425 to 2475 nm were included. The third canonical correlation 
was 67%, and it explained 10% of the relationship. In the associated canonical variables, 
P and pH versus wavelengths from 325 to 475 and 1425 to 2475, not including 2275 nm, 
were included. 
 
Table 16. Canonical Correlation Result for the Three Datasets Combined 
                                The CANCORR Procedure     
                           Canonical Correlation Analysis     
  Canonical Approximate    Cumulative explained 
  Correlation F Value Num DF Pr > F Overall relationships 
1 0.781761 7.68 450 <.0001 0.3629   
2 0.665054 5.92 396 <.0001 0.546   
3 0.642831 4.93 344 <.0001 0.7085   
4 0.5169 3.82 294 <.0001 0.7927   
5 0.500286 3.27 246 <.0001 0.8698   
6 0.427318 2.56 200 <.0001 0.9214   
7 0.332006 2 156 <.0001 0.95   
8 0.284002 1.75 114 <.0001 0.9702   
9 0.220898 1.32 36 0.1034 1   
 
 
In considering the three datasets together, the analysis (Table 16) indicated nine 
statistically significant canonical correlations, which explained 71% of the relationship 
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between soil properties and reflectance. The first canonical correlation was 78% and 
explained 36% of the relationship between soil properties and soil reflectance. In the 
associated canonical variables, clay, Mg, Ca, and sand versus wavelengths from 275 to 
1825, not including 825 nm, were included. The second canonical correlation was 67% 
and explained 18% of the relationship between soil properties and reflectance. In the 
associated canonical variables, pH versus wavelengths from 1125 to 1875 and 2325 to 
2475 nm were included. The third canonical correlation was 64% and explained 16% of 
the relationship between soil properties and reflectance. In the associated canonical 
variables, Mg versus wavelengths from 675 to 2075, except 825 and 875, and 2325 to 
2425 nm were included. 
 Considering all canonical correlation analyses, it was apparent that there were 
strong relationships between groups of soil properties and groups of soil-reflectance 
wavebands. Clay in all datasets, taken individually or together, appeared to be involved in 
relationships between sets of soil properties and wavebands. The presence of clay in these 
relationships is in agreement with the results of the multiple-linear regression analyses, in 
which clay was consistent fairly strongly correlated with sets of wavebands. Table 17 
shows the summary results of the canonical correlation analyses. 
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The following conclusions were reached from this study: 
1. Statistically significant correlations were found between individual soil reflectance 
spectra from 250 to 2500 nm and individual soil properties. However, these 
correlations were not of practical significance. On the other hand, some strong 
relationships were found between groups of soil reflectance spectra and individual 
soil properties. 
2. Clay was the only soil property that had multiple-regression reflectance models 
with R2 values at roughly 0.50 or greater for all datasets, taken individually or 
together. 
3. The best reflectance models for soil properties were not similar among datasets; 
i.e., different wavebands were selected for different datasets. 
4. Nine 50-nm wavebands (275, 375, 425, 475, 1275, 1425, 1525, 2175, and 2225 
nm) were selected, based on a portion of one dataset, for estimating clay 
percentages in the soil. A sensor based on these wavebands would be capable of 
very imprecise estimations of clay content in the soils studied. 
5. Groups of soil properties were significantly correlated to groups of soil reflectance 
spectra, as determined with canonical correlation analysis. 
6. Again, clay appeared to be related to reflectance, as it was prominently included 





Suggestions for Future Study  
 
Soils are very complex, as is clay in the soil. Clays contains many components 
such as Kaolinite, Smectite, Beidellite, Vermiculite, Chlorite, Halloysite, Pyrophyllite, 
Montmorillonite, Mica, and Illite (Kingery et al. 1976). Some of these components can be 
further divided into minerals, such as Muscovite and Margarite, which belong to the 
group, Micas. The complex mineralogy of clays makes studying them difficult. Future 
studies could concentrate on individual clay components, considering how soil 
reflectance might be used to quantify each in the soil mass.  If individual clay 
components can be tied to soil spectral properties, a much more accurate sensor than the 
one considered here might be developed. While not reported here, the relationship 
between soil electrical conductivity (EC) and reflectance spectra that was recorded by 
Malley et al. (1999) was also evident in this study. Cation exchange capacity (CEC), 
which is strongly related to EC, was calculated in this study and found to relate well to 
reflectance spectra. This relationship was not reported in detail here for two reasons: (1) 
CEC was derived from other measurements and was thus not independent; (2) it was 
believed that the CEC-reflectance relationship was collinear with the clay-reflectance 
relationship. However, these studies indicate that EC or CEC measurements might be 
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AVERAGES OF WAVELENGTHS FOR THE 50-nm BANDWIDTH 
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Table A. 1. Averages of Wavelengths for the 50-nm Bandwidth 
 
Wavelength # Wavelength Range (nm) Average (nm) 
wlval1 250 300 275 
wlval2 300 350 325 
wlval3 350 400 375 
wlval4 400 450 425 
wlval5 450 500 475 
wlval6 500 550 525 
wlval7 550 600 575 
wlval8 600 650 625 
wlval9 650 700 675 
wlval10 700 750 725 
wlval11 750 800 775 
wlval12 800 850 825 
wlval13 850 900 875 
wlval14 900 950 925 
wlval15 950 1000 975 
wlval16 1000 1050 1025 
wlval17 1050 1100 1075 
wlval18 1100 1150 1125 
wlval19 1150 1200 1175 
wlval20 1200 1250 1225 
wlval21 1250 1300 1275 
wlval22 1300 1350 1325 
wlval23 1350 1400 1375 
wlval24 1400 1450 1425 





Table A.1. (continued) 
50 
wlval26 1500 1550 1525 
wlval27 1550 1600 1575 
wlval28 1600 1650 1625 
wlval29 1650 1700 1675 
wlval30 1700 1750 1725 
wlval31 1750 1800 1775 
wlval32 1800 1850 1825 
wlval33 1850 1900 1875 
wlval34 1900 1950 1925 
wlval35 1950 2000 1975 
wlval36 2000 2050 2025 
wlval37 2050 2100 2075 
wlval38                  2100 2150 2125 
wlval39 2150 2200 2175 
wlval40 2200 2250 2225 
wlval41 2250 2300 2275 
wlval42 2300 2350 2325 
wlval43 2350 2400 2375 
wlval44 2400 2450 2425 




PRINTOUT OF SAS CANONICAL CORRELATION ANALYSIS RESULT FOR 





Field 1, 1999      
      
      
                                The CANCORR Procedure  
      
                        Properties Measurements             9  
                        wavelength                         45  
                        Observations                      274  
      
      
                                 Means and Standard Deviations  
      
  Variable Mean S.Deviation  
  Ca 2116.546 440.9611  
  K 230.6415 46.78449  
  Mg 116.3263 37.69536  
  Na 92.01362 44.34759  
  P 57.20389 22.42127  
  Zn 4.537078 4.589428  
  pH 5.976277 0.392843  
  clay 0.373211 0.152959  
  sand 0.324511 0.089566  
  wlval1 4.237904 0.831035  
  wlval2 6.190221 0.850657  
  wlval3 8.696463 1.038191  
  wlval4 12.28017 1.324067  
  wlval5 15.95188 1.60075  
  wlval6 20.37941 1.901543  
  wlval7 25.34213 2.231372  
  wlval8 29.44625 2.450945  
  wlval9 33.57588 2.605851  
  wlval10 37.47542 2.698294  
  wlval11 40.23791 2.759229  
  wlval12 38.3026 11.15808  
  wlval13 44.56154 5.132071  
  wlval14 47.439 3.078558  
  wlval15 49.18955 2.80125  
  wlval16 50.80039 2.739532  
  wlval17 52.22316 2.717028  




  Variable Mean S.Deviation  
  wlval19 55.05021 2.768296  
  wlval20 56.36647 2.782204  
  wlval21 57.31268 2.761264  
  wlval22 58.04339 2.757793  
  wlval23 57.99249 2.814448  
  wlval24 55.59682 3.082893  
  wlval25 57.42073 3.068522  
  wlval26 59.11294 2.942751  
  wlval27 60.17371 2.923722  
  wlval28 60.9013 2.880524  
  wlval29 61.57916 2.924811  
  wlval30 61.82144 3.000044  
  wlval31 61.61536 3.022804  
  wlval32 61.50096 3.143371  
  wlval33 59.08741 3.58777  
  wlval34 49.65134 4.302609  
  wlval35 52.62413 4.309521  
  wlval36 56.48657 4.557263  
  wlval37 58.96249 4.565696  
  wlval38 59.42309 4.733618  
  wlval39 58.0066 4.638949  
  wlval40 54.82512 4.437615  
  wlval41 55.06956 5.432083  
  wlval42 56.25497 3.790233  
  wlval43 54.03031 4.130039  
  wlval44 50.95656 5.442492  
  wlval45 44.31808 7.43286  
       
                      Correlations Among the Original Variables 
      
                   Correlations Among the Properties Measurements 
      
  Ca K Mg Na P 
Ca 1 0.3473 0.8115 0.2881 0.3102
K 0.3473 1 0.2406 0.0986 0.616
Mg 0.8115 0.2406 1 0.3082 0.0598
Na 0.2881 0.0986 0.3082 1 -0.0125
P 0.3102 0.616 0.0598 -0.0125 1




  Ca K Mg Na P 
pH 0.0253 0.2319 -0.244 -0.3035 0.263
clay 0.5995 0.2138 0.6334 0.1723 0.1031
sand -0.3129 -0.1871 -0.2605 0.2767 -0.1757
 
 
      
  Zn pH clay sand  
Ca 0.1646 0.0253 0.5995 -0.3129  
K 0.4703 0.2319 0.2138 -0.1871  
Mg -0.0018 -0.244 0.6334 -0.2605  
Na -0.0038 -0.3035 0.1723 0.2767  
P 0.6826 0.263 0.1031 -0.1757  
Zn 1 0.3528 0.0034 -0.115  
pH 0.3528 1 -0.1571 -0.0546  
clay 0.0034 -0.1571 1 -0.4999  
sand -0.115 -0.0546 -0.4999 1  
      
      
                      Correlations Among the Original Variables 
                         Correlations Among the wavelength  
      
  wlval1 wlval2 wlval3 wlval4 wlval5 
wlval1 1 0.8763 0.6572 0.5346 0.4511
wlval2 0.8763 1 0.9199 0.8491 0.7804
wlval3 0.6572 0.9199 1 0.9686 0.9201
wlval4 0.5346 0.8491 0.9686 1 0.9871
wlval5 0.4511 0.7804 0.9201 0.9871 1
wlval6 0.3795 0.7039 0.8545 0.9513 0.9877
wlval7 0.3137 0.6195 0.7733 0.8948 0.9523
wlval8 0.2789 0.5789 0.734 0.8647 0.9302
wlval9 0.2544 0.5526 0.7095 0.8443 0.9132
wlval10 0.2385 0.5337 0.6915 0.8284 0.8987
wlval11 0.2409 0.5265 0.6798 0.8108 0.8775
wlval12 0.066 0.1283 0.1529 0.2048 0.2365
wlval13 0.1428 0.2799 0.3395 0.4156 0.458
wlval14 0.266 0.5249 0.634 0.7258 0.7702
wlval15 0.2945 0.5961 0.7208 0.8097 0.848
wlval16 0.3032 0.6139 0.741 0.8228 0.8553




  wlval1 wlval2 wlval3 wlval4 wlval5 
wlval18 0.2992 0.6167 0.7442 0.8197 0.8473
wlval19 0.2945 0.6124 0.7389 0.8137 0.841
wlval20 0.2929 0.6124 0.7403 0.8137 0.84
wlval21 0.2978 0.6139 0.7403 0.8107 0.8353
wlval22 0.3009 0.6157 0.741 0.8083 0.8312
wlval23 0.3195 0.6297 0.7487 0.8073 0.8252
wlval24 0.3554 0.6597 0.766 0.8048 0.8104
wlval25 0.3459 0.6535 0.7654 0.813 0.8238
wlval26 0.3215 0.6282 0.7438 0.8004 0.8181
wlval27 0.2991 0.6052 0.7222 0.7851 0.8073
wlval28 0.2911 0.5951 0.712 0.7753 0.7982
wlval29 0.2839 0.5834 0.6969 0.7605 0.7843
wlval30 0.2865 0.5782 0.6886 0.7488 0.7709
wlval31 0.2995 0.5847 0.6905 0.7432 0.7606
wlval32 0.299 0.574 0.6718 0.7188 0.7329
wlval33 0.3323 0.5883 0.6732 0.7024 0.706
wlval34 0.3885 0.6329 0.6968 0.6969 0.6808
wlval35 0.3742 0.623 0.6943 0.7076 0.7007
wlval36 0.3337 0.551 0.6229 0.6502 0.6562
wlval37 0.3037 0.501 0.5711 0.6061 0.6188
wlval38 0.2857 0.4523 0.5154 0.5481 0.562
wlval39 0.2806 0.4476 0.5039 0.5307 0.5405
wlval40 0.2987 0.4514 0.4908 0.5055 0.506
wlval41 0.2437 0.3732 0.4067 0.423 0.4242
wlval42 0.3094 0.5421 0.6122 0.6364 0.6391
wlval43 0.2906 0.5175 0.5835 0.6014 0.599
wlval44 0.2031 0.3887 0.445 0.4637 0.4612
wlval45 0.1853 0.3268 0.3604 0.3712 0.3645
      
      
                      Correlations Among the Original Variables 
                         Correlations Among the wavelength  
      
  wlval6 wlval7 wlval8 wlval9 wlval10 
wlval1 0.3795 0.3137 0.2789 0.2544 0.2385
wlval2 0.7039 0.6195 0.5789 0.5526 0.5337
wlval3 0.8545 0.7733 0.734 0.7095 0.6915
wlval4 0.9513 0.8948 0.8647 0.8443 0.8284




  wlval6 wlval7 wlval8 wlval9 wlval10 
wlval6 1 0.988 0.9753 0.9631 0.951
wlval7 0.988 1 0.9969 0.9896 0.9801
wlval8 0.9753 0.9969 1 0.9974 0.9912
wlval9 0.9631 0.9896 0.9974 1 0.9979
wlval10 0.951 0.9801 0.9912 0.9979 1
wlval11 0.9275 0.9548 0.9668 0.9761 0.982
wlval12 0.2606 0.2754 0.279 0.2782 0.2821
wlval13 0.4872 0.5013 0.5071 0.5089 0.5141
wlval14 0.7947 0.7974 0.8047 0.8143 0.8239
wlval15 0.8647 0.8575 0.8644 0.8774 0.889
wlval16 0.8658 0.8523 0.8577 0.8712 0.8834
wlval17 0.8606 0.8432 0.8476 0.8612 0.8738
wlval18 0.8525 0.8329 0.8369 0.8505 0.8636
wlval19 0.8458 0.8252 0.8288 0.8419 0.8548
wlval20 0.8437 0.8221 0.8252 0.8384 0.8514
wlval21 0.838 0.8157 0.8187 0.8324 0.8457
wlval22 0.8322 0.8083 0.8107 0.8244 0.8376
wlval23 0.8207 0.7907 0.7906 0.8026 0.8147
wlval24 0.7926 0.7481 0.7415 0.7485 0.7566
wlval25 0.8119 0.773 0.7682 0.7758 0.7846
wlval26 0.8132 0.7814 0.7797 0.7895 0.8002
wlval27 0.8064 0.7789 0.779 0.7897 0.8013
wlval28 0.7978 0.7712 0.7717 0.7828 0.7949
wlval29 0.7845 0.759 0.7599 0.7714 0.7837
wlval30 0.7694 0.7425 0.7425 0.7532 0.7655
wlval31 0.7551 0.7246 0.7235 0.7341 0.7465
wlval32 0.7244 0.6918 0.6893 0.6989 0.7107
wlval33 0.688 0.6462 0.6389 0.6446 0.6531
wlval34 0.6435 0.5813 0.5636 0.5593 0.5598
wlval35 0.673 0.6193 0.6049 0.6016 0.603
wlval36 0.6434 0.6064 0.598 0.596 0.5992
wlval37 0.6143 0.5866 0.5814 0.5803 0.5842
wlval38 0.5611 0.5403 0.5372 0.5372 0.5418
wlval39 0.5353 0.5111 0.5076 0.5081 0.512
wlval40 0.4921 0.4603 0.4552 0.4575 0.4625
wlval41 0.4144 0.3901 0.3867 0.3901 0.3954
wlval42 0.622 0.5797 0.5745 0.5795 0.5871
wlval43 0.5769 0.5291 0.5218 0.5254 0.5321




  wlval6 wlval7 wlval8 wlval9 wlval10 
wlval45 0.3454 0.308 0.3011 0.3008 0.3035
      
      
                      Correlations Among the Original Variables 
                         Correlations Among the wavelength  
      
  wlval11 wlval12 wlval13 wlval14 wlval15 
wlval1 0.2409 0.066 0.1428 0.266 0.2945
wlval2 0.5265 0.1283 0.2799 0.5249 0.5961
wlval3 0.6798 0.1529 0.3395 0.634 0.7208
wlval4 0.8108 0.2048 0.4156 0.7258 0.8097
wlval5 0.8775 0.2365 0.458 0.7702 0.848
wlval6 0.9275 0.2606 0.4872 0.7947 0.8647
wlval7 0.9548 0.2754 0.5013 0.7974 0.8575
wlval8 0.9668 0.279 0.5071 0.8047 0.8644
wlval9 0.9761 0.2782 0.5089 0.8143 0.8774
wlval10 0.982 0.2821 0.5141 0.8239 0.889
wlval11 1 0.4178 0.619 0.8759 0.9104
wlval12 0.4178 1 0.9149 0.6203 0.4194
wlval13 0.619 0.9149 1 0.8366 0.6649
wlval14 0.8759 0.6203 0.8366 1 0.9563
wlval15 0.9104 0.4194 0.6649 0.9563 1
wlval16 0.8968 0.3434 0.5951 0.924 0.9934
wlval17 0.8837 0.3091 0.5577 0.9018 0.9853
wlval18 0.8727 0.3011 0.5445 0.8894 0.9787
wlval19 0.8627 0.2999 0.5398 0.8815 0.9729
wlval20 0.8589 0.2914 0.5256 0.8714 0.9672
wlval21 0.8543 0.283 0.5155 0.866 0.9639
wlval22 0.8464 0.2732 0.5042 0.8593 0.9596
wlval23 0.8239 0.2656 0.492 0.8468 0.9484
wlval24 0.7641 0.2536 0.4737 0.8149 0.9142
wlval25 0.7912 0.2682 0.4914 0.8293 0.9267
wlval26 0.8083 0.2853 0.5081 0.8427 0.9374
wlval27 0.8088 0.2956 0.5149 0.8437 0.9367
wlval28 0.8028 0.2977 0.5175 0.8426 0.934
wlval29 0.7915 0.3 0.5174 0.8394 0.9281
wlval30 0.7746 0.3012 0.5128 0.8262 0.9122
wlval31 0.7577 0.2879 0.4955 0.8113 0.8997




  wlval11 wlval12 wlval13 wlval14 wlval15 
wlval33 0.6663 0.2505 0.4336 0.7291 0.8118
wlval34 0.5689 0.2344 0.3989 0.6517 0.7257
wlval35 0.608 0.2651 0.4416 0.6883 0.7569
wlval36 0.6025 0.2957 0.4845 0.6905 0.7318
wlval37 0.5876 0.29 0.4793 0.6665 0.7012
wlval38 0.5472 0.2571 0.4426 0.6149 0.6436
wlval39 0.5184 0.2368 0.4089 0.5844 0.623
wlval40 0.4763 0.1848 0.3248 0.5181 0.5803
wlval41 0.4101 0.1305 0.2357 0.4101 0.476
wlval42 0.5999 0.2415 0.4029 0.6539 0.7433
wlval43 0.5425 0.2242 0.3667 0.5922 0.686
wlval44 0.404 0.1715 0.2731 0.4227 0.5064
wlval45 0.3003 0.1065 0.1787 0.2971 0.3757
      
       
                      Correlations Among the Original Variables 
                         Correlations Among the wavelength  
      
  wlval16 wlval17 wlval18 wlval19 wlval20 
wlval1 0.3032 0.3057 0.2992 0.2945 0.2929
wlval2 0.6139 0.6202 0.6167 0.6124 0.6124
wlval3 0.741 0.7468 0.7442 0.7389 0.7403
wlval4 0.8228 0.8245 0.8197 0.8137 0.8137
wlval5 0.8553 0.8537 0.8473 0.841 0.84
wlval6 0.8658 0.8606 0.8525 0.8458 0.8437
wlval7 0.8523 0.8432 0.8329 0.8252 0.8221
wlval8 0.8577 0.8476 0.8369 0.8288 0.8252
wlval9 0.8712 0.8612 0.8505 0.8419 0.8384
wlval10 0.8834 0.8738 0.8636 0.8548 0.8514
wlval11 0.8968 0.8837 0.8727 0.8627 0.8589
wlval12 0.3434 0.3091 0.3011 0.2999 0.2914
wlval13 0.5951 0.5577 0.5445 0.5398 0.5256
wlval14 0.924 0.9018 0.8894 0.8815 0.8714
wlval15 0.9934 0.9853 0.9787 0.9729 0.9672
wlval16 1 0.9971 0.9932 0.9884 0.9843
wlval17 0.9971 1 0.9984 0.9953 0.9922
wlval18 0.9932 0.9984 1 0.9986 0.9963
wlval19 0.9884 0.9953 0.9986 1 0.9981




  wlval16 wlval17 wlval18 wlval19 wlval20 
wlval21 0.9823 0.9904 0.994 0.9953 0.9985
wlval22 0.9793 0.988 0.9913 0.9919 0.9959
wlval23 0.9697 0.9792 0.9829 0.984 0.989
wlval24 0.9378 0.9479 0.9531 0.956 0.9608
wlval25 0.9484 0.9579 0.963 0.9658 0.9699
wlval26 0.9572 0.9663 0.9718 0.9751 0.9787
wlval27 0.9552 0.9644 0.9703 0.9744 0.9776
wlval28 0.9522 0.9616 0.9676 0.9716 0.9747
wlval29 0.946 0.9547 0.9601 0.9643 0.9672
wlval30 0.9302 0.9388 0.9443 0.9487 0.9519
wlval31 0.92 0.9298 0.9348 0.9386 0.9418
wlval32 0.8883 0.8976 0.9022 0.9057 0.9094
wlval33 0.8342 0.8426 0.8459 0.8484 0.8532
wlval34 0.749 0.7588 0.7659 0.7723 0.7758
wlval35 0.7753 0.784 0.7923 0.8013 0.8024
wlval36 0.7384 0.7426 0.7493 0.7588 0.7563
wlval37 0.7032 0.7072 0.7127 0.7219 0.7174
wlval38 0.6453 0.6469 0.6484 0.6535 0.6473
wlval39 0.6264 0.6302 0.6306 0.635 0.6288
wlval40 0.592 0.603 0.6026 0.6062 0.6019
wlval41 0.4907 0.5021 0.5003 0.5015 0.4978
wlval42 0.764 0.7791 0.7873 0.7957 0.7946
wlval43 0.7073 0.7271 0.739 0.7511 0.751
wlval44 0.5231 0.5453 0.5619 0.5766 0.5764
wlval45 0.3905 0.4125 0.4256 0.4383 0.4402
      
       
                      Correlations Among the Original Variables 
                         Correlations Among the wavelength  
      
  wlval21 wlval22 wlval23 wlval24 wlval25 
wlval1 0.2978 0.3009 0.3195 0.3554 0.3459
wlval2 0.6139 0.6157 0.6297 0.6597 0.6535
wlval3 0.7403 0.741 0.7487 0.766 0.7654
wlval4 0.8107 0.8083 0.8073 0.8048 0.813
wlval5 0.8353 0.8312 0.8252 0.8104 0.8238
wlval6 0.838 0.8322 0.8207 0.7926 0.8119
wlval7 0.8157 0.8083 0.7907 0.7481 0.773




  wlval21 wlval22 wlval23 wlval24 wlval25 
wlval9 0.8324 0.8244 0.8026 0.7485 0.7758
wlval10 0.8457 0.8376 0.8147 0.7566 0.7846
wlval11 0.8543 0.8464 0.8239 0.7641 0.7912
wlval12 0.283 0.2732 0.2656 0.2536 0.2682
wlval13 0.5155 0.5042 0.492 0.4737 0.4914
wlval14 0.866 0.8593 0.8468 0.8149 0.8293
wlval15 0.9639 0.9596 0.9484 0.9142 0.9267
wlval16 0.9823 0.9793 0.9697 0.9378 0.9484
wlval17 0.9904 0.988 0.9792 0.9479 0.9579
wlval18 0.994 0.9913 0.9829 0.9531 0.963
wlval19 0.9953 0.9919 0.984 0.956 0.9658
wlval20 0.9985 0.9959 0.989 0.9608 0.9699
wlval21 1 0.9986 0.9933 0.965 0.9726
wlval22 0.9986 1 0.9966 0.9711 0.9778
wlval23 0.9933 0.9966 1 0.9841 0.9873
wlval24 0.965 0.9711 0.9841 1 0.9968
wlval25 0.9726 0.9778 0.9873 0.9968 1
wlval26 0.9806 0.9845 0.9907 0.9902 0.9965
wlval27 0.9785 0.9818 0.9862 0.98 0.9886
wlval28 0.9752 0.9785 0.9821 0.9744 0.9838
wlval29 0.9672 0.9706 0.9736 0.9661 0.9752
wlval30 0.9522 0.9558 0.9598 0.9555 0.9639
wlval31 0.9435 0.9485 0.9538 0.9538 0.9602
wlval32 0.9122 0.9181 0.9251 0.9289 0.933
wlval33 0.8579 0.8666 0.8805 0.9056 0.9034
wlval34 0.7774 0.7857 0.8103 0.8756 0.8669
wlval35 0.8001 0.8048 0.8243 0.882 0.8791
wlval36 0.7517 0.7533 0.7651 0.8088 0.8131
wlval37 0.7128 0.7132 0.7218 0.7545 0.7615
wlval38 0.6449 0.6472 0.6541 0.6809 0.6884
wlval39 0.629 0.6337 0.6436 0.6737 0.6762
wlval40 0.6073 0.6158 0.6315 0.6612 0.6563
wlval41 0.5047 0.5131 0.5246 0.5434 0.5399
wlval42 0.7948 0.8006 0.82 0.8627 0.8557
wlval43 0.7495 0.7535 0.7751 0.8221 0.8141
wlval44 0.571 0.5696 0.5855 0.6256 0.6211
wlval45 0.437 0.4365 0.4517 0.4871 0.48
      




                      Correlations Among the Original Variables 
                         Correlations Among the wavelength  
      
  wlval26 wlval27 wlval28 wlval29 wlval30 
wlval1 0.3215 0.2991 0.2911 0.2839 0.2865
wlval2 0.6282 0.6052 0.5951 0.5834 0.5782
wlval3 0.7438 0.7222 0.712 0.6969 0.6886
wlval4 0.8004 0.7851 0.7753 0.7605 0.7488
wlval5 0.8181 0.8073 0.7982 0.7843 0.7709
wlval6 0.8132 0.8064 0.7978 0.7845 0.7694
wlval7 0.7814 0.7789 0.7712 0.759 0.7425
wlval8 0.7797 0.779 0.7717 0.7599 0.7425
wlval9 0.7895 0.7897 0.7828 0.7714 0.7532
wlval10 0.8002 0.8013 0.7949 0.7837 0.7655
wlval11 0.8083 0.8088 0.8028 0.7915 0.7746
wlval12 0.2853 0.2956 0.2977 0.3 0.3012
wlval13 0.5081 0.5149 0.5175 0.5174 0.5128
wlval14 0.8427 0.8437 0.8426 0.8394 0.8262
wlval15 0.9374 0.9367 0.934 0.9281 0.9122
wlval16 0.9572 0.9552 0.9522 0.946 0.9302
wlval17 0.9663 0.9644 0.9616 0.9547 0.9388
wlval18 0.9718 0.9703 0.9676 0.9601 0.9443
wlval19 0.9751 0.9744 0.9716 0.9643 0.9487
wlval20 0.9787 0.9776 0.9747 0.9672 0.9519
wlval21 0.9806 0.9785 0.9752 0.9672 0.9522
wlval22 0.9845 0.9818 0.9785 0.9706 0.9558
wlval23 0.9907 0.9862 0.9821 0.9736 0.9598
wlval24 0.9902 0.98 0.9744 0.9661 0.9555
wlval25 0.9965 0.9886 0.9838 0.9752 0.9639
wlval26 1 0.9968 0.9935 0.9863 0.9751
wlval27 0.9968 1 0.9982 0.993 0.9829
wlval28 0.9935 0.9982 1 0.9966 0.9888
wlval29 0.9863 0.993 0.9966 1 0.9956
wlval30 0.9751 0.9829 0.9888 0.9956 1
wlval31 0.9679 0.9729 0.9796 0.9876 0.9949
wlval32 0.94 0.9446 0.9527 0.9666 0.9797
wlval33 0.9007 0.8982 0.905 0.92 0.9392
wlval34 0.8488 0.8356 0.837 0.8446 0.8615
wlval35 0.8659 0.8561 0.8566 0.8621 0.8731




  wlval26 wlval27 wlval28 wlval29 wlval30 
wlval37 0.7605 0.7594 0.7643 0.7641 0.7711
wlval38 0.6875 0.6861 0.6934 0.6927 0.7002
wlval39 0.671 0.6682 0.6745 0.6741 0.6814
wlval40 0.6468 0.6393 0.6421 0.6388 0.644
wlval41 0.5299 0.5222 0.5242 0.5185 0.522
wlval42 0.8436 0.8333 0.83 0.8216 0.8177
wlval43 0.8005 0.7907 0.7863 0.7744 0.77
wlval44 0.6105 0.6034 0.5997 0.5841 0.5809
wlval45 0.4676 0.4585 0.4526 0.4366 0.4345
      
       
                      Correlations Among the Original Variables 
                         Correlations Among the wavelength  
      
  wlval31 wlval32 wlval33 wlval34 wlval35 
wlval1 0.2995 0.299 0.3323 0.3885 0.3742
wlval2 0.5847 0.574 0.5883 0.6329 0.623
wlval3 0.6905 0.6718 0.6732 0.6968 0.6943
wlval4 0.7432 0.7188 0.7024 0.6969 0.7076
wlval5 0.7606 0.7329 0.706 0.6808 0.7007
wlval6 0.7551 0.7244 0.688 0.6435 0.673
wlval7 0.7246 0.6918 0.6462 0.5813 0.6193
wlval8 0.7235 0.6893 0.6389 0.5636 0.6049
wlval9 0.7341 0.6989 0.6446 0.5593 0.6016
wlval10 0.7465 0.7107 0.6531 0.5598 0.603
wlval11 0.7577 0.7236 0.6663 0.5689 0.608
wlval12 0.2879 0.279 0.2505 0.2344 0.2651
wlval13 0.4955 0.4745 0.4336 0.3989 0.4416
wlval14 0.8113 0.7824 0.7291 0.6517 0.6883
wlval15 0.8997 0.8673 0.8118 0.7257 0.7569
wlval16 0.92 0.8883 0.8342 0.749 0.7753
wlval17 0.9298 0.8976 0.8426 0.7588 0.784
wlval18 0.9348 0.9022 0.8459 0.7659 0.7923
wlval19 0.9386 0.9057 0.8484 0.7723 0.8013
wlval20 0.9418 0.9094 0.8532 0.7758 0.8024
wlval21 0.9435 0.9122 0.8579 0.7774 0.8001
wlval22 0.9485 0.9181 0.8666 0.7857 0.8048
wlval23 0.9538 0.9251 0.8805 0.8103 0.8243




  wlval31 wlval32 wlval33 wlval34 wlval35 
wlval25 0.9602 0.933 0.9034 0.8669 0.8791
wlval26 0.9679 0.94 0.9007 0.8488 0.8659
wlval27 0.9729 0.9446 0.8982 0.8356 0.8561
wlval28 0.9796 0.9527 0.905 0.837 0.8566
wlval29 0.9876 0.9666 0.92 0.8446 0.8621
wlval30 0.9949 0.9797 0.9392 0.8615 0.8731
wlval31 1 0.9905 0.9599 0.8864 0.8905
wlval32 0.9905 1 0.9817 0.9081 0.9057
wlval33 0.9599 0.9817 1 0.9538 0.9389
wlval34 0.8864 0.9081 0.9538 1 0.9858
wlval35 0.8905 0.9057 0.9389 0.9858 1
wlval36 0.83 0.8391 0.863 0.9061 0.948
wlval37 0.7794 0.7834 0.7992 0.8313 0.8829
wlval38 0.7118 0.7155 0.7334 0.7571 0.8024
wlval39 0.6956 0.697 0.7164 0.7377 0.7741
wlval40 0.6647 0.665 0.686 0.698 0.7118
wlval41 0.5476 0.5484 0.5685 0.5714 0.5786
wlval42 0.8289 0.8123 0.8167 0.8397 0.8533
wlval43 0.7801 0.7626 0.7675 0.8104 0.8265
wlval44 0.5887 0.5737 0.5748 0.6407 0.6666
wlval45 0.4452 0.4397 0.4498 0.5168 0.5368
      
       
                      Correlations Among the Original Variables 
                         Correlations Among the wavelength  
      
  wlval36 wlval37 wlval38 wlval39 wlval40 
wlval1 0.3337 0.3037 0.2857 0.2806 0.2987
wlval2 0.551 0.501 0.4523 0.4476 0.4514
wlval3 0.6229 0.5711 0.5154 0.5039 0.4908
wlval4 0.6502 0.6061 0.5481 0.5307 0.5055
wlval5 0.6562 0.6188 0.562 0.5405 0.506
wlval6 0.6434 0.6143 0.5611 0.5353 0.4921
wlval7 0.6064 0.5866 0.5403 0.5111 0.4603
wlval8 0.598 0.5814 0.5372 0.5076 0.4552
wlval9 0.596 0.5803 0.5372 0.5081 0.4575
wlval10 0.5992 0.5842 0.5418 0.512 0.4625
wlval11 0.6025 0.5876 0.5472 0.5184 0.4763




  wlval36 wlval37 wlval38 wlval39 wlval40 
wlval13 0.4845 0.4793 0.4426 0.4089 0.3248
wlval14 0.6905 0.6665 0.6149 0.5844 0.5181
wlval15 0.7318 0.7012 0.6436 0.623 0.5803
wlval16 0.7384 0.7032 0.6453 0.6264 0.592
wlval17 0.7426 0.7072 0.6469 0.6302 0.603
wlval18 0.7493 0.7127 0.6484 0.6306 0.6026
wlval19 0.7588 0.7219 0.6535 0.635 0.6062
wlval20 0.7563 0.7174 0.6473 0.6288 0.6019
wlval21 0.7517 0.7128 0.6449 0.629 0.6073
wlval22 0.7533 0.7132 0.6472 0.6337 0.6158
wlval23 0.7651 0.7218 0.6541 0.6436 0.6315
wlval24 0.8088 0.7545 0.6809 0.6737 0.6612
wlval25 0.8131 0.7615 0.6884 0.6762 0.6563
wlval26 0.8078 0.7605 0.6875 0.671 0.6468
wlval27 0.804 0.7594 0.6861 0.6682 0.6393
wlval28 0.8073 0.7643 0.6934 0.6745 0.6421
wlval29 0.8099 0.7641 0.6927 0.6741 0.6388
wlval30 0.8191 0.7711 0.7002 0.6814 0.644
wlval31 0.83 0.7794 0.7118 0.6956 0.6647
wlval32 0.8391 0.7834 0.7155 0.697 0.665
wlval33 0.863 0.7992 0.7334 0.7164 0.686
wlval34 0.9061 0.8313 0.7571 0.7377 0.698
wlval35 0.948 0.8829 0.8024 0.7741 0.7118
wlval36 1 0.9773 0.9221 0.8832 0.7813
wlval37 0.9773 1 0.9695 0.9322 0.8358
wlval38 0.9221 0.9695 1 0.9745 0.8895
wlval39 0.8832 0.9322 0.9745 1 0.9465
wlval40 0.7813 0.8358 0.8895 0.9465 1
wlval41 0.6407 0.7021 0.7867 0.8657 0.9512
wlval42 0.831 0.8176 0.798 0.837 0.8751
wlval43 0.7977 0.7809 0.7483 0.7844 0.8317
wlval44 0.6669 0.6685 0.6506 0.6899 0.7485
wlval45 0.526 0.5259 0.5125 0.5583 0.6362
      
       
                      Correlations Among the Original Variables 
                         Correlations Among the wavelength  
 




  wlval41 wlval42 wlval43 wlval44 wlval45 
wlval1 0.2437 0.3094 0.2906 0.2031 0.1853
wlval2 0.3732 0.5421 0.5175 0.3887 0.3268
wlval3 0.4067 0.6122 0.5835 0.445 0.3604
wlval4 0.423 0.6364 0.6014 0.4637 0.3712
wlval5 0.4242 0.6391 0.599 0.4612 0.3645
wlval6 0.4144 0.622 0.5769 0.4431 0.3454
wlval7 0.3901 0.5797 0.5291 0.4022 0.308
wlval8 0.3867 0.5745 0.5218 0.3961 0.3011
wlval9 0.3901 0.5795 0.5254 0.3972 0.3008
wlval10 0.3954 0.5871 0.5321 0.4024 0.3035
wlval11 0.4101 0.5999 0.5425 0.404 0.3003
wlval12 0.1305 0.2415 0.2242 0.1715 0.1065
wlval13 0.2357 0.4029 0.3667 0.2731 0.1787
wlval14 0.4101 0.6539 0.5922 0.4227 0.2971
wlval15 0.476 0.7433 0.686 0.5064 0.3757
wlval16 0.4907 0.764 0.7073 0.5231 0.3905
wlval17 0.5021 0.7791 0.7271 0.5453 0.4125
wlval18 0.5003 0.7873 0.739 0.5619 0.4256
wlval19 0.5015 0.7957 0.7511 0.5766 0.4383
wlval20 0.4978 0.7946 0.751 0.5764 0.4402
wlval21 0.5047 0.7948 0.7495 0.571 0.437
wlval22 0.5131 0.8006 0.7535 0.5696 0.4365
wlval23 0.5246 0.82 0.7751 0.5855 0.4517
wlval24 0.5434 0.8627 0.8221 0.6256 0.4871
wlval25 0.5399 0.8557 0.8141 0.6211 0.48
wlval26 0.5299 0.8436 0.8005 0.6105 0.4676
wlval27 0.5222 0.8333 0.7907 0.6034 0.4585
wlval28 0.5242 0.83 0.7863 0.5997 0.4526
wlval29 0.5185 0.8216 0.7744 0.5841 0.4366
wlval30 0.522 0.8177 0.77 0.5809 0.4345
wlval31 0.5476 0.8289 0.7801 0.5887 0.4452
wlval32 0.5484 0.8123 0.7626 0.5737 0.4397
wlval33 0.5685 0.8167 0.7675 0.5748 0.4498
wlval34 0.5714 0.8397 0.8104 0.6407 0.5168
wlval35 0.5786 0.8533 0.8265 0.6666 0.5368
wlval36 0.6407 0.831 0.7977 0.6669 0.526
wlval37 0.7021 0.8176 0.7809 0.6685 0.5259
wlval38 0.7867 0.798 0.7483 0.6506 0.5125




  wlval41 wlval42 wlval43 wlval44 wlval45 
wlval40 0.9512 0.8751 0.8317 0.7485 0.6362
wlval41 1 0.8214 0.7801 0.7467 0.664
wlval42 0.8214 1 0.9794 0.8708 0.7475
wlval43 0.7801 0.9794 1 0.9264 0.8186
wlval44 0.7467 0.8708 0.9264 1 0.9474
wlval45 0.664 0.7475 0.8186 0.9474 1
       
      
                      Correlations Among the Original Variables 
      
      
  wlval1 wlval2 wlval3 wlval4 wlval5 
Ca -0.0864 -0.068 -0.0591 -0.0434 -0.0499
K 0.0229 0.0702 0.1092 0.0939 0.0811
Mg -0.1971 -0.1515 -0.0922 -0.0298 -0.0008
Na -0.1956 -0.0979 -0.0573 -0.0322 -0.0333
P 0.0558 0.0672 0.0705 0.0112 -0.0359
Zn 0.0253 0.0533 0.0932 0.0597 0.0323
pH 0.2207 0.2035 0.1512 0.1295 0.1223
clay -0.0035 0.0535 0.0697 0.0775 0.0683
sand -0.0474 -0.078 -0.0954 -0.1002 -0.0998
      
      
  wlval6 wlval7 wlval8 wlval9 wlval10 
Ca -0.0619 -0.065 -0.0756 -0.0816 -0.0846
K 0.0534 0.0195 -0.0027 -0.0253 -0.0397
Mg 0.022 0.0527 0.0516 0.0454 0.0383
Na -0.035 -0.0417 -0.0395 -0.0365 -0.0369
P -0.0951 -0.1574 -0.1912 -0.2167 -0.2326
Zn -0.0038 -0.0446 -0.0673 -0.0857 -0.0978
pH 0.0969 0.0668 0.0397 0.0119 -0.005
clay 0.0542 0.0467 0.0375 0.0315 0.0232
sand -0.0886 -0.0795 -0.078 -0.0817 -0.0835
      
      
  wlval11 wlval12 wlval13 wlval14 wlval15 
Ca -0.0862 -0.0765 -0.1256 -0.1433 -0.1365
K -0.0354 0.1183 0.0835 0.004 -0.018




  wlval11 wlval12 wlval13 wlval14 wlval15 
Na -0.0583 -0.111 -0.1119 -0.1124 -0.0705
P -0.2377 -0.0157 -0.0681 -0.1432 -0.1417
Zn -0.1174 -0.0271 -0.0203 -0.0481 -0.04
pH -0.0139 0.099 0.1087 0.1091 0.0882
clay 0.0112 -0.119 -0.1212 -0.0745 -0.0429
sand -0.0855 0.013 -0.0036 -0.0829 -0.1155
      
      
  wlval16 wlval17 wlval18 wlval19 wlval20 
Ca -0.1304 -0.1202 -0.116 -0.1187 -0.118
K -0.0184 -0.008 0.006 0.0172 0.0133
Mg -0.1252 -0.1241 -0.1287 -0.1366 -0.1387
Na -0.0601 -0.0471 -0.0332 -0.0276 -0.0284
P -0.1302 -0.1095 -0.0909 -0.073 -0.0662
Zn -0.031 -0.0144 -0.0017 0.0131 0.0142
pH 0.0886 0.0904 0.0973 0.11 0.1081
clay -0.0328 -0.0229 -0.025 -0.0299 -0.0299
sand -0.119 -0.1285 -0.1204 -0.1177 -0.1125
      
      
  wlval21 wlval22 wlval23 wlval24 wlval25 
Ca -0.1195 -0.1305 -0.1627 -0.2644 -0.2464
K 0.0076 0.002 0.0041 0.0045 0.0029
Mg -0.1398 -0.1527 -0.1918 -0.3097 -0.2858
Na -0.0388 -0.0484 -0.0666 -0.0884 -0.0737
P -0.07 -0.0711 -0.0583 -0.0333 -0.0417
Zn 0.0067 0.0068 0.02 0.0519 0.0401
pH 0.1017 0.1032 0.127 0.1795 0.1617
clay -0.026 -0.033 -0.0559 -0.1308 -0.1241
sand -0.12 -0.1184 -0.1146 -0.0731 -0.0641
      
      
  wlval26 wlval27 wlval28 wlval29 wlval30 
Ca -0.2176 -0.1922 -0.1864 -0.1869 -0.1941
K 0.0082 0.019 0.0227 0.0111 0.0113
Mg -0.2543 -0.2318 -0.2288 -0.2304 -0.2425
Na -0.0675 -0.0612 -0.0646 -0.0758 -0.0952
P -0.0465 -0.0392 -0.0328 -0.0325 -0.0238




  wlval26 wlval27 wlval28 wlval29 wlval30 
pH 0.1566 0.1584 0.1619 0.1745 0.1837
clay -0.1039 -0.09 -0.0902 -0.0947 -0.1091
sand -0.0744 -0.0885 -0.0877 -0.0908 -0.0861
      
      
  wlval31 wlval32 wlval33 wlval34 wlval35 
Ca -0.2105 -0.2185 -0.2996 -0.4135 -0.402
K -0.0059 -0.0184 -0.0493 -0.0227 -0.0024
Mg -0.2639 -0.2711 -0.3531 -0.4787 -0.4612
Na -0.1082 -0.1246 -0.1659 -0.1411 -0.118
P -0.0294 -0.0311 -0.0361 0.0011 0.0022
Zn 0.032 0.0234 0.018 0.0482 0.0524
pH 0.1807 0.1852 0.2021 0.2432 0.2474
clay -0.1232 -0.1348 -0.1916 -0.2632 -0.2603
sand -0.083 -0.0727 -0.047 0.0311 0.0321
      
      
  wlval36 wlval37 wlval38 wlval39 wlval40 
Ca -0.383 -0.3539 -0.3432 -0.3629 -0.3523
K 0.0341 0.0417 0.0042 -0.0227 -0.0522
Mg -0.4191 -0.3698 -0.3442 -0.362 -0.3522
Na -0.1381 -0.1352 -0.1525 -0.1437 -0.1296
P 0.0195 0.0179 -0.0085 -0.0053 0.0008
Zn 0.0321 0.0118 -0.0309 -0.0205 -0.0263
pH 0.2288 0.2034 0.1658 0.1558 0.1225
clay -0.2489 -0.216 -0.2185 -0.2259 -0.1924
sand 0.0186 -0.0078 -0.0241 -0.0308 -0.088
      
      
  wlval41 wlval42 wlval43 wlval44 wlval45 
Ca -0.2717 -0.4007 -0.3866 -0.3002 -0.236
K -0.0709 -0.0065 0.0351 0.0813 0.0664
Mg -0.2634 -0.4448 -0.445 -0.348 -0.2785
Na -0.076 -0.0486 -0.0067 0.1113 0.1488
P -0.0236 -0.0009 0.0545 0.0877 0.0684
Zn -0.0486 0.0708 0.1129 0.1253 0.1059
pH 0.0665 0.1987 0.1885 0.1176 0.0838
clay -0.1574 -0.2586 -0.2624 -0.2165 -0.147




       
      
                           Canonical Correlation Analysis  
      
   Adjusted Approximate Squared   
   Canonical Canonical Standard Canonical 
   Correlation Correlation Error Correlation 
 1 0.906359 0.886813 0.010804 0.821487
 2 0.797404 0.749734 0.022039 0.635853
 3 0.751303 0.702959 0.02636 0.564457
 4 0.572042 0.401717 0.040718 0.327232
 5 0.553888 . 0.041955 0.306792
 6 0.528308 . 0.04363 0.279109
 7 0.486373 . 0.046206 0.236559
 8 0.465459 . 0.04741 0.216652
 9 0.413053 0.339998 0.050197 0.170613
      
                                     Eigenvalues of Inv(E)*H  
                                       = CanRsq/(1-CanRsq)  
      
   Eigenvalue Difference Proportion cumulative 
 1 4.6018 2.8557 0.4719 0.4719
 2 1.7461 0.4502 0.1791 0.6509
 3 1.296 0.8096 0.1329 0.7838
 4 0.4864 0.0438 0.0499 0.8337
 5 0.4426 0.0554 0.0454 0.8791
 6 0.3872 0.0773 0.0397 0.9188
 7 0.3099 0.0333 0.0318 0.9505
 8 0.2766 0.0709 0.0284 0.9789
 9 0.2057 0.0211 1   
      
                    Test of H0: The canonical correlations in the 
                       current row and all that follow are zero  
      
  Likelihood Approximate       
  Ratio F Value Num DF Den DF Pr > F 
1 0.004721 4.05 405 1967.6 <.0001 
2 0.026448 2.93 352 1759.7 <.0001 
3 0.07263 2.37 301 1548.9 <.0001 




  Likelihood Approximate       
  Ratio F Value Num DF Den DF Pr > F 
5 0.247868 1.77 205 1118.7 <.0001 
6 0.357567 1.65 160 899.57 <.0001 
7 0.496007 1.53 117 677.93 0.0007
8 0.649699 1.44 76 454 0.0139
9 0.829387 1.27 37 228 0.1513
      
      
      
                           Canonical Correlation Analysis  
      
                    Multivariate Statistics and F Approximations 
      
                               S=9    M=17.5    N=109  
      
Statistic Value F Value Num DF Den DF Pr > F 
Wilks' Lambda 0.004721 4.05 405 1967.6 <.0001 
Pillai's Trace 3.558754 3.31 405 2052 <.0001 
Hotelling-
Lawley Trace 9.752232 5.26 405 1557 <.0001 
Roy's Greatest 
Root 4.601826 23.32 45 228 <.0001 
      
       
      
                  Correlations Between the Properties Measurements 
                   and the Canonical Variables of the wavelength 
      
  wlval1 wlval2 wlval3 wlval4 wlval5 
Ca -0.824 0.1276 0.147 0.0373 -0.0152
K -0.1706 0.3409 0.3504 -0.1109 0.0345
Mg -0.8232 0.1566 -0.0984 -0.0581 0.1456
Na -0.2519 -0.2566 0.3659 -0.1672 0.296
P -0.1179 0.2989 0.5774 0.0425 -0.1567
Zn 0.0868 0.2258 0.3723 -0.086 0.0246
pH 0.28 0.6067 0.1024 0.0736 -0.054
clay -0.6134 0.0467 0.0615 0.1313 0.2382
sand 0.2275 -0.1043 0.0473 -0.4702 -0.1139




                  Correlations Between the Properties Measurements 
                    and the Canonical Variables of the wavelength 
      
  wlval6 wlval7 wlval8 wlval9  
Ca -0.0176 -0.0053 0.1371 -0.0532  
K -0.3347 -0.1597 0.0298 0.0407  
Mg -0.0575 0.0773 -0.0196 -0.014  
Na 0.0595 0.0197 -0.0416 -0.1794  
P -0.1243 0.102 -0.0052 0.1068  
Zn -0.1521 0.2104 0.2448 0.1266  
pH 0.104 -0.0672 0.2054 -0.0698  
clay 0.0734 -0.1183 0.0269 0.1904  
sand 0.194 -0.0034 -0.0671 -0.085  
      
                      Variables of the Properties Measurements 
      
  prob1 prob2 prob3 prob4 prob5 
wlval1 0.147 0.1096 0.0341 0.1108 -0.1007
wlval2 0.1318 0.1145 0.0845 0.1103 0.0237
wlval3 0.11 0.1116 0.0746 0.0737 0.0931
wlval4 0.0791 0.1255 0.01 0.0564 0.1466
wlval5 0.0744 0.1425 -0.0474 0.043 0.1754
wlval6 0.0697 0.136 -0.112 0.0226 0.1945
wlval7 0.0534 0.1259 -0.1837 0.0039 0.2061
wlval8 0.055 0.0961 -0.2106 0.0036 0.2106
wlval9 0.0547 0.058 -0.2261 0.0124 0.208
wlval10 0.0552 0.0309 -0.2357 0.0189 0.1996
wlval11 0.0528 0.0222 -0.2492 0.0233 0.1687
wlval12 0.0901 0.1426 -0.0855 -0.0452 -0.0439
wlval13 0.1436 0.1241 -0.1153 -0.0287 0.019
wlval14 0.1673 0.0669 -0.1497 0.0716 0.0893
      
                      Variables of the Properties Measurements 
      
  prob6 prob7 prob8 prob9  
wlval1 0.086 -0.1644 0.0927 0.1028  
wlval2 0.0619 -0.1582 0.0764 0.0914  
wlval3 -0.0117 -0.1052 0.0606 0.1022  
wlval4 -0.0261 -0.0822 0.0439 0.0607  




  prob6 prob7 prob8 prob9   
wlval6 -0.0499 -0.0583 0.016 0.0121  
wlval7 -0.0546 -0.0457 0.0057 -0.0061  
wlval8 -0.0618 -0.0442 0.0039 -0.0161  
wlval9 -0.0668 -0.0442 0.008 -0.0229  
wlval10 -0.0721 -0.046 0.0143 -0.0307  
wlval11 -0.0895 -0.0655 0.0071 -0.0341  
wlval12 -0.1404 -0.0858 -0.043 -0.0629  
wlval13 -0.1317 -0.0814 -0.0068 -0.0532  
wlval14 -0.0876 -0.0935 0.052 -0.0463  
       
      
                      Variables of the Properties Measurements 
      
  prob1 prob2 prob3 prob4 prob5 
wlval15 0.1655 0.0193 -0.1122 0.1158 0.1288
wlval16 0.1644 0.0059 -0.0892 0.1248 0.129
wlval17 0.16 0.0034 -0.0634 0.1338 0.1342
wlval18 0.1619 0.0059 -0.0377 0.1274 0.133
wlval19 0.171 0.016 -0.0177 0.1266 0.1344
wlval20 0.1692 0.0138 -0.0114 0.1256 0.1259
wlval21 0.167 0.0085 -0.0192 0.1343 0.1198
wlval22 0.178 0.0051 -0.0209 0.1369 0.1131
wlval23 0.2179 0.0166 -0.0084 0.1441 0.1054
wlval24 0.3384 0.0287 0.0376 0.1382 0.095
wlval25 0.3139 0.0208 0.0303 0.1242 0.0946
wlval26 0.2829 0.0258 0.0201 0.1247 0.0988
wlval27 0.2603 0.0332 0.0225 0.1311 0.101
wlval28 0.2555 0.0384 0.0246 0.1302 0.0925
wlval29 0.258 0.0496 0.0181 0.1395 0.0857
wlval30 0.2673 0.0567 0.0165 0.1387 0.0636
wlval31 0.2817 0.0445 0.0129 0.1492 0.0468
wlval32 0.2867 0.0509 0.0032 0.1474 0.0275
wlval33 0.3671 0.0471 0.0008 0.1538 0.0016
wlval34 0.4965 0.053 0.0883 0.1122 0.016
wlval35 0.4885 0.0652 0.0944 0.101 0.0376
wlval36 0.4531 0.0979 0.076 0.0945 0.0197
wlval37 0.4095 0.1078 0.0578 0.1059 0.0315
wlval38 0.3801 0.089 0.0143 0.1291 0.0084




  prob1 prob2 prob3 prob4 prob5 
wlval40 0.3829 0.0352 0.0413 0.2158 0.0444
wlval41 0.2879 -0.001 0.0218 0.1861 0.0457
wlval42 0.4901 0.0155 0.1207 0.1487 0.1129
wlval43 0.487 0.0048 0.1884 0.1432 0.1174
wlval44 0.3879 -0.0268 0.2487 0.0663 0.146
wlval45 0.3129 -0.0477 0.2386 0.0752 0.1772
      
                      Variables of the Properties Measurements 
      
  prob6 prob7 prob8 prob9  
wlval15 -0.0691 -0.0845 0.068 -0.0428  
wlval16 -0.0584 -0.0892 0.0794 -0.0364  
wlval17 -0.0596 -0.0848 0.0846 -0.0332  
wlval18 -0.0591 -0.0873 0.0858 -0.037  
wlval19 -0.0594 -0.0842 0.0857 -0.0384  
wlval20 -0.0515 -0.0805 0.0824 -0.0334  
wlval21 -0.052 -0.0835 0.0794 -0.0258  
wlval22 -0.0503 -0.0841 0.0804 -0.0201  
wlval23 -0.0492 -0.0859 0.0806 -0.0125  
wlval24 -0.0376 -0.0941 0.0758 -0.0025  
wlval25 -0.0374 -0.092 0.0693 -0.0125  
wlval26 -0.0396 -0.0948 0.0724 -0.0185  
wlval27 -0.0464 -0.0933 0.0784 -0.0258  
wlval28 -0.0464 -0.0933 0.0783 -0.0262  
wlval29 -0.035 -0.0829 0.0805 -0.0288  
wlval30 -0.0369 -0.0803 0.0819 -0.0242  
wlval31 -0.0294 -0.0819 0.077 -0.0235  
wlval32 -0.0179 -0.0778 0.0686 -0.022  
wlval33 -0.0025 -0.0758 0.05 -0.0066  
wlval34 0.0142 -0.1082 0.0162 0.0014  
wlval35 0.0007 -0.1104 0.014 -0.0182  
wlval36 -0.0383 -0.1172 -0.0383 -0.0116  
wlval37 -0.0517 -0.1118 -0.0685 -0.0083  
wlval38 -0.054 -0.09 -0.0963 -0.0212  
wlval39 -0.0418 -0.0578 -0.0999 -0.0162  
wlval40 -0.0362 -0.0288 -0.1122 -0.006  
wlval41 -0.0256 -0.0031 -0.1044 -0.0386  
wlval42 -0.0506 -0.0546 0.0078 -0.0588  




  prob6 prob7 prob8 prob9   
wlval44 -0.0901 -0.0214 -0.0243 -0.0911  
wlval45 -0.0645 -0.0208 -0.0148 -0.0883  
 
